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GUM TRAGACANTH

Summary

No information was available on the metabolism of gum tragacanth.

Riccardi and Fahrenback found that gum tragacanth fed at a level
of 3% along with 3% cholesterol in the diet of cockerels inhibited
the development of hypercholesterolemia (16). »

Fujimoto observed that both the urethan and phenobarbital
shortening of the sleeping time produced by hexobarbital administration
in mice is blocked by administration of gum tragacanth (9),

Vohra and Kratzer reported that, at a 2% level in the diet, gum
tragacanth results in a definite depression in the growth rate of
Arbor-Acres chicks (18). Furthermore, this depressant effect is not
the result of the decreased nutrient value of gum tragacanth; rather,
it appears to result from some inhibitory action of the gum tragacanth

on nutrient utilization or on some deleterious substance included with
the gum (18),

Galbraith, et al. (10), have investigated the anti-tumorogenic
activity exhibited by gum tragacanth and have found that it results
from a mitotic-blocking action effected on the cellular membrane of
dividing cells.

Several studies on the allergenic nature of various gums for
humans have implicated gum tragacanth as being an allergen for certain
susceptible individuals (5, 11, 12). At an oral dosage of 0.5 mg of
gum tragacanth/kg/day for a period of 1 week, the gum tragacanth
caused asthma in a susceptible subject (5).



10.

11.

12.

16.

i8.

GUM TRAGACANTH

Bibliography - Summary

Brown, E. B., and S. B. Crepea. 1947. Allergy (asthma) to ingested
gum tragacanth. J. Aller. 18(3):214~-215.

Fujimoto, J. M. 1965. Effects of gum tragacanth, urethan, and
phenobarbital on hexcbarbital narcosis in mice. Toxicol.
Appl. Pharmacol. 7:287-290.

Galbraith, W., E. Mayhew, and E. M, F. Roe. 1962, Mode of
inhibitory action of tragacanth powder on the growth of the
Landschuetz ascites tumour. Brit. J. Cancer. 16(1):163-169.

Gelfand, H. H. 1943. The allergenic properties of the vegetable
gums. J. Aller. 14:203-219.

Gelfand, H. H. 1949. The vegetable gums by ingestion in the
etiology of allergic disorders. J. Aller. 20(5):311-321,

Riccardi, B. A., and M, J. Fahrenback. 1965. Hypocholesterclemic
activity of mucilaginous polysaccharides in white Leghorn
cockerels. Fed. Proc. 24:263.

Vohra, P., and F. H. Kratzer. 1964. Growth inhibitory effect of
certaln polysaccharides for chickens. Poultry Sci.
43(5):1164-1170.



GUM TRAGACANTH

Chemical Information

. Nomenclature

A. Common Names
1. Gum Tragacanth
2. Tragacanth

B. Chemical Names

Tragacanth is a complex polysaccharide mixture of tragacanthic
acid (a galacturonan) and a neutral galactoaraban.

C. No Trade Names

D. CAS Registry Number PM 39000651

I1. Empirical Formula

Gum tragacanth contains as the main constituent tragacanthic acid
(60-70%) with a galactoarabannan as a minor polysaccharide component (3).

Treatment of tragacanthic acid with hydrochloric acid has revealed
these components: D-xylose, L-fucose, D-galacturonic acid, galactose
- and a very small proportion of rhamnose. The relative amount of each
residue is still unknown. The acid portion is associated with calcium,
magnesium and potassium cations. '

The neutral polysaccharide is a galactoarabannan in which the
L-arabinose is by far the preponderant constituent.

Tragacanth also contains small amounts of cellulose, protein and
starch.

11t. Structural Formula

Tragacanthic acid contains interior chains which are almost purely
a linear (124) linked galacturonan:

a. alpha-D-GalpA-(144)-D-GalpA-(1+4)-D-GalpA -~ (Only the (1-4)
linkages have been found although other 1|inkages can not be ruled out).
The aldobiuronic acid 2-0-(alpha-D-galactopyranosyluronic acid)-L-
rhamnose (b) is a minor product of mineral acid partial hydrolysis.
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b. alpha-D-GalpA-(1-2)-L~Rhap --(Only a small proportion of rhamnose
residue is present). Tragacanthic acid is highly branched and evidence
indicates that side chains contain only one, two or possibly, occasionally,
three residues. Hydrolysis and acetolysis evidence indicates.that side
chains of tragacanthic acid are 2-0-alpha~L-fucopyranosy l-D-xylase (c)
and 2-0-beta-D-galacto-pyranosyl-D-xylose (d). Further evidence suggests
that some of these side chains may be substituted by D-glucuronic acid.

c. alpha-L-Fucp~-(1-2)-D-xyl
d. beta-D-Galp-(1~2)~D-xy!

The partial structure below sdmmarizes the main structural features
of tragacanthic acid (1). ‘ ' :

. 1 7 )
(1 — 4)-a-D-GalpA~(1 — 4)-a-D-GalpA-(1 = 4)-a-D-GalpA-(1 — 4)-a-D-GalpA-1
. 3

3 .3

t t

I 1
B-p-Xylp B-D-Xylp B—D—-‘;ylp

2 - )

Y t

: | 1
a-L-Fucp ' B-D-Calp

The galactoarabannan is made up of highly branched outer chains
of L-arabino furanosy! residues which are involved in several types
of linkage and mask the galactose core. The galactan core contains
mainly (194) linkages, but (1+3) and (1-6) linkages may be present (2),
IV. Molecular Weight

A molecular weight of 840,000 has been determined (17).

V. Specifications

A. Chemical

See C.
B. Food
See C.
C. Food Chemicals Codex
Viscosity of a 1% solution Not less than 250 cps
Limits of Impurities »
Arsenic Not more than 3 ppm
Ash (total) Not more than 3%
Ash (acid-insoluble) Not more than .5%
Heavy metals Not more than 40 ppm
Karaya gum ' Passes test
Lead . Not more than 10 ppm



Vi. Description
A. General Characteristics

Unground gum tragacanth is divided into two classifications. These
are ribbons, straight or spirally twisted linear pieces, and flakes,
flattened, lamellated, and frequently curved fragmenfs A plant will
produce only ribbons or flakes and generally it is unusual for one locality
to produce hlgh—qualnfy gums of both Types. Gum tragacanth is white to
weak yellow in color and franslucent. It is horny in texture and it has
a short fracture. It is odorless and has an insipid, mucilaginous taste.
Unground gum tragacanth can be more easily pulverized when heated to a
temperature of 50 degrees.

Powdered gum tragacanth is white to yellowish white in color. When
it is examined microscopically in water mounts, it shows numerous
fragments with circular or irregular lamellae and starch grains up to
25 microns in diameter. It shows very few or no fragments of signified
vegetable tissue. .

B. Physical Properfiés

The tragacanthic acid portion (60-70%) or bassorin is insoluble in
~water but swells in water to form a gel. The galactoarabannan (30-40%)
or tragathan portion dissolves in water tfo form a colloidal hydrosol
solution (14).

Viscosity is the most important factor in evaluating tragacanth.
The viscosity of high grade ftragacanth in a 1% solution is approximately
3400 cps. Maximum viscosity is attained after 24 hours at room temperature
or by heating at 50 degrees C. for 2 hours. The viscosity of tragacanth
muci lages is reduced by adding acid, alkali and NaCl, particularly if the
muci lage is heated. A 4% solution has a pH of approximately 5.1-5.9;
maximum viscosity is attained at pH 8.0. Maximum stability of viscosity
with aging has been reported at pH 5.  Gum tragacanth is relatively acid
resistant, being reasonably stable down to pH 2.0.

VIl. Analytical Methods

There are several methods of qualitatively identifying gum
tragacanth. When a solution of the gum is boiled with a few drops of
10% aqueous ferric chloride solution, a deep yellow stringy
precipitate is formed. A stringy precipitate is formed when the gum
solution is heated with Schweitzer reagent (freshly precipitated copper
oxide dissolved in concentrated ammonium hydroxide). A voluminous amount
of franslucent precipitate is formed when Millon reagent is added.

Both neutral and basic lead acetate cause a precipitate which gels., A
10% solution of potassium hydroxide causes a bright yellow

stringy precipitate. When gum tragacanth is placed in alcohol, it
coagulates forming a long, stringy adherent. A stringy precipitate
will also form when gum tragacanth is heated in concentrated sulfuric
acid. Gum tragacanth gives a blue color when iodine solution is added
(17).



Ewart and Chapman (6) used solubility properties to isolate the
gum and developed an analytical scheme using the above precipitation
and color reactions in order to qualitatively identify gum tragacanth.
This scheme distinguishes between pectin, alginate, gelatin, starch,
carboxymethyicellulose, methylcellulose, and several other gums,
including carrageenan, tragacanth, agar, locust, karaya, ghatti
and gum arabic. ;

Another procedure for the isolation and detection of tragacanth is
to reflux the sample in 50 ml water and 50 ml of 10% by volume sulfuric
acid for 3 hours. Then 30 g of barium hydroxide in 100 ml of water is
added, the pH adjusted to 7, and evaporated to a smal! volume (4). The
solution is then paper chromatographed with butanol: pyridine: water
(3: 2: 1.5) as the mobile solvent and phthalic acid-aniline and
naphthoresorcinol-trichloroacetic acid as developing colors. In
addition to tragacanth, this method can be used to separate and
identify other gums including carob bean, gum arabic, several sugars,
and pectin. :

Padmoyo and Miserez (15) have used microelectrophoresis to separate
and identify the gums: arabic, tragacanth, carrageenan, carob and guar,
as well as, gelatin, pectin starch, dextrin, agar, sodium alginate,
methylcellulose and carboxymethylcellulose. The electrophoresis is :
carried out on cellulose acetate strips. Substances with similar motility
are differentiated by staining. : ‘

VI1l. Occurence

Gum tragacanth is obtained from the roots and stems of the shrub-like
plants of the genus Astragalus. The principle species from which gum
tragacanth is obtained is A. gummifer labillardiere. The plants thrive
in dry locations in mountainous regions of Asia Minor, Iran, Syria and
Turkey (17).

AY
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GUM TRAGACANTH

Biological Data

. Acute Toxicity

No information

Il. Short-Term Studies

Chickens

One-day old Arbor-Acres chicks were weighed and separated into
groups of ten. These groups were provided ad lib feed and water and
weighed as a group twice weekly. At 20 or 21 days, chicks were weighed
individually (18).

A control group was fed a stock diet and two test groups were fed
the stock diet modified with 2% gum tragacanth. Over a period of .
20 or 21 days, the two groups fed tragacanth exhibited a 34% depression
of the growth rate (18). '
Tragacanth at the 2% level resulted in this decreased growth rate.
Furthermore, this effect was not attributable to the nutritional value
of the gum itself since other non-nutritive components (cellulose)
at the 2% level did not depress the growth rate (18).
I, Long—Term>Sfudies

None

IV. Special Studies

Anti-tumorogenic

Galbraith, et al., investigated the mechanism of anti-tumorogenicity
exhibited by fragacanth. Evidence was obtained that tragacanth acted
by becoming attached to the cellular membrane, thereby blocking mitosis.
This resulted in a degeneration of tumor cellis (10).

Sensitization

A white, male patient 33 years old with a history of sneezing,
rhinorrhea, and allergy to coal-tar drugs/aspirin was given pyribenzamine
placebos containing gum tragacanth. He developed asthma. Scratch tests,
subcutaneous injection, and neutralization tests confirmed the allergy
to gum tragacanth. Very small amounts (0.5 mg/kg/day for one week) can
cause severe symptoms when ingested by susceptible individuals (5),



Other studies have verified the allergenic nature of gum tragacanth
for certain individuals (11, 12).

Zawahry, et al., report that tragacanth has antiallergic therapeutic
value. Tragacanth powder was extracted with alcohol, and the alcoholic
extract itself and the "residue" were given orally to patients suffering
from dermatitis. The "residue” was markedly antiallergenic; the alcoholic
extract less so (19), '

An amount 150 times the therapeutic dose was given orally for 15 days
without incidence of death in mice. Insufficient data were given to make
an evaluation of the experimental method, results, or conclusions (19).

Fetotoxic

A 1% aqueous suspension of tragacanth when injected intraperitoneally
daily between the 11th and 15th day of gestation in NMRI mice caused
the death of all fetuses. This also occurred when only a single dose
was administered intraperitoneally; however, this effect was not shown
when injection was made subcutaneously or when administered orally (8).

Further investigation indicated that the fetotoxic effect of
tragacanth was attributable to metabolic products of Enterobacter Spp .
contaminants in the injected tragacanth preparation (8).

Drug Interaction

Groups of male Swiss albino mice were treated intraperitoneally,
subcutaneously, or orally with water, gum tragacanth, urethan,
phenobarbital, and certain combinations thereof (9). Twenty-four
hours after such treatment, hexobarbital sodium, 150 mg/kg, was given
i.p. All drug concentrations were such that 0.1 m! of solution or
suspension was given per 10 g body weight. Sleeping times to
hexobarbital were measured. Numbers of mice in each group, drug, and
routes of administration are indicated in the following table:



" TABLE 1

Effect of Various Agents Given 24 Hours Earlier on Hexobarbital
Sodium (150 mg/kg) Sleeping Time

Expt. Pretreatment, route No. of mice Sleeping Time

A. C , (9 83.1+4.4
Gt, i.p. (10) 81.5%2.9

GT, s.c. (10) 90.1%4.8

GT, p.o. ( 9) 17.7+2.7

B. c (9 64.7+4.6
U, i.p. (1o * 45.6%1.7
UinGT, i.p. (1o -68.5%3.5

Uin GT, s.c. (10) * 51.124 .1

U in GT, p.o. (10) * 36.4%3.4

C. C (7 64.3+3.5
: P, i.p. an * 38.5+2.7
P in GT, i.p. (9 * 48.8+2.5

P in GT, s.c. (10) ¥ 49.8%2.4

P in GT, p.o (8 * 38.0+3.4

D. C (9) 74.3£6.7
U, p.o. o (10) * 41.7+2.5

U, p.o. + GT, i.p. (¢ 9) 91.3+7.3

E. C (10) 81.1x3,5
P, p.o. (10) * 44,1224

P, p.o. + GT, i.p. ' (10) 74.6%7.4

F. c (10) 76.7+6.2
U, s.c. ‘ (10) * 48.0%5.0

U, s.c. + GT, i.p. 10y 81.6+5.9

G. c : -1 91.2+6.4
P, s.c. : (1) ¥ 66.7+5.6

P, s.c, + GT, i.p. QRD - 100.7%6.4

H. C - 4 (10) 68.0%6.7
U, s.c. (10) * 44.3:3.6

U, s.c. + GT, p.o. (10) * 46.4+3.7

U, p.o. (9 * 44.4%3.8

U, p.o. + GT, s.c. (10} 61.7+3.3

I. c (1) 98.17.4
P, p.o. _ (10) * 61.4%6.4

P, p.o. + GT, s.c. (10) *¥ 76.6+3.8

a

C = control; GT = gum tragacanth, 0.1 ml/10 g body weight of a

1% suspension; U = urethan (1200 mg/kg); P = phenobarbital sodium (100
mg/kg); * = standard error; * = P value less than 0.05 compared to control
by t test. .

10



Experiment A indicated that gum tragacanth administered i.p.,
S.C., or p.o. 24 hours before hexobarbital had little effect on
sleeping time compared to control. Both the urethan and phenobarbital
shortening of the sleeping time was blocked by administration of gum
- tragacanth i.p. in experiments B, D, E, F, and G. This blocking
effect occurred whether the urethan and phenobarbital were given by
the same route or by a different route such as the i.p. gum tragacanth.
Tragacanth, having no effect on hexobarbital sleeping time, nevertheless
- effected a block on the effects of urethan and phenobarbital on the
hexobarbital sleeping time. Gum tragacanth produced a less effective
block through the s.c. route and none through the p.o. route.

Fujimoto postulated that the tragacanth block was most likely on
the liver since urethan and phenobarbital shortening of hexobarbital
sleeping time were hepatic effects. He further remarked that these
hepatic effects were not |likely to have been the result of a direct
physical interaction of the tragacanth and the urethan or phenobarbital
since the effect was observed in several combinations of different
routes of administration (9).

On the basis of Fujimoto's data, one may also contend that the
blocking effect is, in fact, a result of the physical interaction of
tragacanth and urethan or phenobarbital. This contention is justified
by the fact that tragacanth administered p.o. has no blocking effect;
administered s.c., the tragacanth shows greater blocking activity
as a result of increased incidence of a polymeric form in the
blood stream. Finally, by i.p. administration, tragacanth is present
in the polymeric form, thereby resulting in an active blocking effect.

11
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GUM TRAGACANTH

Biochemical Aspects

. Breakdown

No information available

Il. Absorption-Distribution

No information available

I11. Metabolism and Excretion

No information available

IV. Effects on Enzymes and Other Biochemical! Parameters

Gum tragacanth fed at a level of 3% along with 3% cholesterol in
the diet of cockerels lnhlblfed the development of hyper-
cholesterolemia (16).

V. Drug Interaction
Both the urethan and phenobarbital shorfening of the sleeping
time produced by hexobarbital administration in mice is blocked by
administration of gum Tragacanfh (9) (see biological section-special
studies).
Vi. Consumer Exposure Information
The major uses of gum tragacanth in the food industry include
salad dressings, sauces, cheeses, ice creams, citrus oil emulsions,

confections, chocolate drinks, and milk powder stabilizers (7, 14),

" Gum tragacanth is listed as GRAS for use in dietary supplements
and as a stabilizer.

13
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318. Gum Tragacanth. Part I. Fractionation of the Gum
and the Structure of Tragacanthic Acid.
By G. O. AspINaLL and J. BAILLIE.

Fractionation of the water-soluble part uf gum tragacanth affords ()

tragacanthic acid, which contains residues of p-galacturonic acid (43%),

p-xylose (409%), L-fucose (10%,), and p-galactuse (47%), and (1i) an arabino-

galactan, which contains residues of L-arabinose (7595, p-galactose (12%),

b-galacturonic acid (3%), and r-rhamnosc (traces). The homogeneity of

these polysaccharide preparations has been asscssed by chromatography on
diethylaminocthylcellulose.  Controlled stepwise degradation of tragacanthic

acid with acid and enzymes leads to the isolation of various oligosaccharides,

including 2-0-«- L-fuct,pyranosyl-p-xyluse, 2-0-3 - D-galactopyranosyl-p-

.- xyluse, the pseudo-aldcbiouronic acid, 3-0-3-n-xylopyranosyl-p-galacturonic
acidd, und oliz.mers of 1-galacturonic acid. 7The main structural features of

tragacanthic neid are discussed in the light of these results and of a re-examin-

f'\ atiun of the cicuvage roducts from the inethvlated polysaccharide.

Y : . ‘e of

“Previoes stroictoral studies B2 on gum tragacanth, the exndate from various species 0;
. . 13 £

Astralgus, have shown that the gum is grossly heterogencous and that it contains at leas

! James and Smitk, J., 1945, 739.
* James and Smith, ., 1945, 749.
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qwo polysaccharide components, tragacanthic acid, whicit is comnpoed ol readues o
D.galacturonic acid, bp-xylose, .und L-fucose,! 'and‘ an z‘xr‘;b‘n';,!;.’lla(.tz‘,n.-’ Becauwe of
Lifficulties in handling the gum in aquevus solution, in which wnis a pare of it is soluble,
ames and Smith 32 carricd out their structural <tidies o the methylated gam. They
jound that the methylated gam could be readiiy fractivnated to give derivatives of
sragacanthic acid, the arabinugalactan, and a glycoside of unknown structure. Some
wneral features of the highly branched tracacanthic acid were recegnised by the
:haro.ctcrisation as methanolysis products from the methylated polvsaccharide of methyl
¢heosides of 2,34-tri-O-methyl-L-fucose, 2,3,4-tri- and 3,4-di-O-methyl-D-xylose, and
2 3.di- and a mono-U-methyl-n-galucturonic acid; the presence of a methyl di-O-methyl-6-
Jeoxy-hexoside as a further cleavage product was also suspected. In this paper we
report the fractionation of the water-soluble portion of the gum and {urther structural
«tudies on tragacanthic acid. .

The crude gum was separated into fractions soluble und insoluble in water. Fractional
precipitation of the water-soluble portion of the gum {eithicr directly or aiter regeneration
rom the insoluble complex with Cetavionj by addition of ethanol led to polysaccharide
sractions which differed markedly in optical rotation, equivalent weight, and approximate
sugar composition. Some of the fractions appeared to consist largely of either tragacanthic
acid or arabinogalactan (sce Table in Experimental section), but these were not sufficiently
womogeneous for detailed study. The water-insoluble portion of the gum dissolved
nartly in dilute aqueous sodium hydroxide. The alkali-soluble material remained in
«ulution on aciditication, and graded predipitaiion gave fractions which were similer to
hose isolated from the water-suluble portion of the gum. The alkali-insoluble fraction
.ppeared to consist Lirgely of a glucan contaminated with adhering tragacanthic acid and
wabinogalactan. 1t is probable tht the glucan is cellulosic in nature since it remained
.crgely insoluble after being heated witl: 2N-sulplwric acid but was hydrolysed by 729,

-alphuric acid. The presence of cellulose microfibrils suspended in an amorphous ground
-ubstance of avidic polv:accharide has been indicated by electron microscopy for gum
rragacanth and various secd mucilages®

The following procedure was developed for the isolation of the two main polysaccharides
i sufficiently homogeneous form for detailed studies. The crude gum was extracted
¢ ith boiling ethanol to remove glveosidic components and then with cold ethanel-water
7:3) to afford the arabinogalactin component, The crude tragacanthic acid was most
nveniently prepared as its 2-hydroxyethyl ester which was obtained by ifractionai
-tecipitation of the solutiun resulting from treatment of the wuter-soluble portion of the
<k with ethylene oxide# Tragacanthic acid was regenerated as required from the

*i by saponification with cold dilute sodium Lyvdroxide.
The Liomogineity of the two polysacchatide preparations was assessed by glass-fibre
* :her jonophnresis in 2x-potassinm hydroxide,® and by chirematography on diethylumino-
“avieellulose.t  The two polysaccharides were readily distinguished by paper ioncphoresis
*d the individual preparations were substantially homogeneous by this criterion.
“ "."ﬂples of eacli polysaccharide weré then recovered by extraction ¢f the glass paper.
“4per chromatography of the hvdrolysate from tragacanthic acid indicated galacturonic
Ml and xylose > fucose > galactose > arabinose. Subsequent experiments showed
t“dt ft;ﬁlactose and probably also arabinose were min.nr constituents of trngacantl_)ic aFid
- at these sugars did not arise from contaminating arabinogalactan. Likewise,
_,"“’mﬂmgraphy of the hydrolysate from the arabinezalactan indicated arabinose >
;;Li‘-f'?ose > galacturonic acid > rhamnose. Rhamunose conld oniv be_dcwcted. as a
*Utuent of the arabinogalactan. Since this sugar had rot been recognised previonsly

. ggggrtlgler, Exp. Cell Res., 1950, 1, 341.
cl, Hely. Chim. Acta, 1947, 30, 1523,

. }\:e“ns and Smith, J. Amer. Chem. Soc., 1957, 79, 3929.
Neukom, Deuel, Heri, and Kundig, Helv. Chim 4cta 10RA 40 o=
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as a constituent of gum tragacanth, a sample of the crude gum was hydrolysed and, after
partial separation of the sugars formed, L-rhamnose was characterised as the toluene-p-
sulphonylhydrazone.

When the tragacanthic acid preparation was chromatographed on diethylaminoethy].
cellulose the main component accounted for more than 902/ of the carbohydrate materiza],
The minor components gave arabinose, xylose, and glucose on hydrolvsis and probably
consisted largely of glycosidic material which had not been completely removed. The
tragacanthic acid, which was recovered from the column had f, -4-105° (in H,0) ang
uronic anhydride content of 43%, and hydrolysis gave xylose (40°), fucose (109,),
galactose (4%), and arabinose (trace). When this sample was chromatogiaphed again on
diethylaminoethylcellulose a single component was obtained.

The arabinogalactan preparation had [x,, —78° (in H,0) and uronic anhydride content
of ca. 3%, and hydrolysis gave arabinose (75";), galactose (12°;), and rhamnose (trace).
\When this sample was chromatographed on diethylaminoethvlcellulose the main com.
ponent accounted for at least 889, of the carbohvdrate material: the minor compoticnts
gave the same sugars in similar proportions as hydrolysis products. The arabinogalactan,
which was recovered from the main peak from the column gave a single component when
re-chromatographed.

2-Hydroxyethyl tragacanthate

{

D-Galp 1352 n-Xyl

(1) Acetolysis L-Fucp la2->2 p-Xyl
Monosaccharides

(2) Deacetyln.

Degraded tragacanthic acid I .{ {0-Xylp 18-»3 v-Galad
+ Enzywic 'D-Galp\ x>t p-Galp A
! hydrol. ‘; p-Galy A Luor1 b-GalpA la-md D-Galpd
Degraded tragacanthic acid 11§ . { Monosaccharides

Scheme showing graded hydrulysis.

2-Hydroxyethyl tragacanthate was degraded in a stepwise manner (see flow sheet).
Hydrolysis of the polysaccharide ester with 0-05x-suipliuric acid on the boiling-water bath
for 20 hours resulted in the releasc of most uf the fucose residucs, but only of «
small proportion of the xylose and traces of il galacturonic acid residucs, and degraded
tragacanthic acid I was isolated. This degradud polvsaccharide contained xylose and
galacturonic acid residues in approximately equimolicular piuportions and only traces
of fucuse, galactose, and arabinose residues. Under more drastic conditions (heating the
polysaccharide with 0-3x-sulphuric acid on the Loiling-water bath for 6 hours) further
xylose residues were released and decraded tragacantlis acid II was isolated. This
degraded polysaccharide had a high optical rotation (=, = 228%). approximating to thosc
of polysaccharides of the pectic acid group. .

During the early stages of the hydrolysis resulting in the formation of degraded
tragacanthic acid [ chiromatographic examination of the products of low molecular weight
indicated that neutral oligozaccharides had been releascd.  These oligusaccharides, how-
ever, were preduced mere satisfactorily by acetolysis of tragacanthic acid followcd_b."
deacetylation.  Two disuccharides formed in this way were isolated in pure form aifer
chromatography on charcoal-Celite and partition chromatography on filter sheets. The
first disaccharide, which was obtained crystalline, gave fucose and xylose on hydrolyst
Hydrolysis of the derived glycitol (from boroliwdride reduction) gave fucose and xyl_xtolé
Since the disaccharide gave no colour reaction with triphenyltetrazolium hydroxide.
these resnlts pointed to the presence of a 2-O-fucosyixviuse. The structure of the
disuccharide u~ 2-0U-2-L-[ucopyruanosvl-p-xylose was established by the isolation of 2.3-4;
tri-0 methyl-i-fucose and 3.4-di-O-methyl-n-xylose on hydrolysis of the meth}'!at“f
disaccharide.  The anomeric configuration at the glycosidic linkage may be tentatively

? Feingold, Avigad, and Hestrin, Biochem. J.. 1958, 64, 351; Bailey, Barker, Bourne, Grant, and
Stacey, J., U564, 18935,
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assigned on the basis of the optical rotation of the disarcharide. In a similur munner the
second disaccharide was shown to be a 2-O-guluctosylsyiose, and its stiucture wis con-
firmed by the isolation of 2,34 6-tetra-O-methyl-L-gaactoze and 5 4-di-O-methyl-p-
xylose on hydrolysis of the methylated derivative. The optical rotation (2, -407) of tie
disaccharide indicated the presence of a g-L-galactopiranosyl linkage.  Since this work
was completed Kooiman 8 his reported the isolation of 2-0-8-L-galuctopyranosyl-p-xylose
(lsdp +30°) as a partial hydrolysis product of a polysaccharide from Tamarindus indica
seeds. This disaccharide was Liydrolyscd by g-galuctosidase. :

Two commercial cnzyme preparations had little action on tragacanthic acid, and
only small amounts of galactose and arabinose were liberated. In contrast, degraded
tragacanthic acids I and II were extensively depolymerised with the formation of xylose,
galacturonic acid, and similar series of acidic oligosaccharides. The main acidic oligo-
saccharide from degraded tragacanthic acid was later shown to be 3-0-2-D-xylopyranosyl-
p-galacturonic acid, and only traces of oligomers of galacturonic acid were produced in
this degradation. On the other hand, degraded tragacanthic acid II gave relatively
larger proportions of di- and tri-galacturonic acids. The mixtures of acidic oligo-
saccharides from the two enzymic degradations were separated by paper chromatography
on filter sheets, and fractions of the same chromatographic mobilities were combined.
The acidic oligosaccharide with the highest mobility gave xylose and galacturonic acid
on hydrolysis, whereas the derived glycitol (from borohydride reduction) furnished xylose
and galactonic acid, showing the compound to be a xylosylgalacturonic acid. When the
glycitol was oxidiscd with periodate approximately 1 mol. of formaldhehyde was released,
indicating that the galacturonic acid residue was 3- or 4-O-substituted. The acidic
disaccharide was methylated, the methylated derivative was reduced with lithium
aluminium hydride, and the product was Lydrolyvsed, to give 2,3,4-tri-O-methyl-p-xylose
and 2,4-di-O-methvl-p-galatose. On the basis of the optical rotation (7, +20°) of the

- disaccharide a 3-glycosidic linkage is indicated and the structure 3-0-3-D-xylopyranosyl-p-

galacturonic acid may be assigned. The pseudo-aldobiouronic acid, 2-0-a-p-gluco-
pyranosyl-p-glucuronic acid, has been svnthosised by enzymic transglucosvlation,® but
as far as we are aware the onlv previously recorded isolation of a pseudo-aldobiouronic
acid from the degradation of a polysaccharide is that of 4-0-3-D-glucosaminyl-D-glucuronic
acid from hyaluronic acid.}® The structure of the -latter disaccharide has not been
established directly, but has been inferred from other evidence. In contrast to aldo-
biouronic acids {O-(glveosviuronic acidiglycoses’. which are very resistant to acid
hydrolysis, our pseudo-aldubivuronic acid was readily cleaved by dilute acid.

The di- and tri-galacturonic acids from the enzymic hydrolysis of the degraded
tragacanthic acids were isolated as calcium salts whose optical rotations (2, +122° and
+151°) were indicative of «-glycosidic linkages and were in reasonable agreement with
the values quoted for the (di- and tri-saccharides formed on enzymic breakdown of apple
pectic acid.M  Furthermore, the infrared spectra of the calcium saits were identical
With those of the corresponding compounds isolated from lucerne pectic acid,}? but this
evidence of identitv cannot be regarded as final since the spectra of the calcium salts of
the di- and tri-saccharides were indistinguishable. Neverthless, despite the absence of
lormal proof for the linkage between galacturonic acid residues in these compounds 1,4-
hnkages may be inferred since 2,3-di- and 2-O-methyl-p-galuctose were isolated on

Ydrolysis of reduced methylated tragacanthic acid; the latter sugar presumably arises
Tom the reduction of 3-0-3-p-xylopyranosyvl-p-galacturonic acid residues.

Tragacanthic acid proved to be resistant to methylation, but samples of the poly-
“dccharides were partly ctheriticd by using- methyl sulphate and sodium hydroxide or

* Kooiman, Rec. Trav. chim., 1961, 80, 849. :

. Barker, Gomez-Sanchez, and Stacey, J., 1959, 3264.

nker, Hoffman, and Meyer, J. Biol. Chem., 1960, 235, 024.

W Jones and Reid, 7., 1054, 130L.
Aspinall and Fanshawe, J., 1961 _4215.
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thallous hydroxide and methyl iodide, and further methylation was effected with methy]
jodide and silver oxide. Methylated tragacanthic acid was reduced with lithium alumin-
jum hydride, the reduced methylated polysaccharide was hydrolysed, and the resulting
methylated sugars were fractionated by partition on cellulose. The following sugars
were characterised by the formation of crystalline derivatives: 2,3 4-tri-O-methyl-L-fucose,
2,3 4-tri-, 3,4-di-, and 4-O-methyl-D-xylose, and 2,3,4,6-tetra-, 2,3,4-tri-, 2,3- and 2,4-di-,
and 2-O-methyl-p-galactose, and some unsubstituted D-xylose and D-galactose. In
addition, the following sugars, which were present only in small amounts, were
provisionally characterised by one or more of the criteria, optical rotation, chromatography
and paper ionophoresis of the sugars, chromatography of the products of demethylation
and of periodate oxidation, and gas chromatography of the derived methyl glycosides: 1314
di- and mono-O-methyl-L-fucose, di- and 3-O-methyl-D-xylose, 2.,4,6-tri-O-methyl-p-
galactose, and 3,5-di-O-methyl-L-arabinose.

With the exception of tetra- and the small proportion of 2,4,6-tri-0-methyl-D-galactose,

- the methyl ethers of p-galactose could have arisen either from D-galactose residues
originally present in the polysaccharides or from D-galacturonic acid residues after
reduction with lithium aluminium hydride. ' In view of the high proportion of p-galacturonic
acid and of the low proportion of D-galactose residues in the polysaccharide, the latter
alternative seemed more probable and was confirmed by the following experiments. The
hydrolysis products from a sample of methylated tragacanthic acid were separated into
neutral and acidic fractions. These fractions were each converted into methyl glycosides,
and a portion of the acidic methyl glycosides was reduced with lithium aluminium hydride
and re-treated with methanolic hydrogen chloride to ensure complete cleavage of glycosidic
linkages to monosaccharide derivatives. The three mixtures of methyl glycosides from
neutral sugars, acidic sugars, and reduced acidic sugars were separately examined by
gas chromatography; the glycosides from the reduction of acidic sugars were also
hydrolysed and the resulting sugars were examined by paper chromatography. The
results showed that 2,3,4-tri-, 2.3(and probably 2,4)-di-, and 2-O-methyl-D-galactose were
derived largely, if not exclusively, from the reduction of D-galacturonic acid residues.

The characterisation of the major neutral cleavage products from the methylated
polysaccharide confirms and extends the earlier work of James and Smith? on tragacanthic
acid. D-Xylopyranose residues occur mainly as end groups and as 2-O-substituted units,
and L-fucopyranose residues are present largely as end groups. Since p-galactopyranose
residues are present mainly as end groups it is clear that they are integral constituents of
the acidic polysaccharides and that they do not arise from contaminating arabinogalactan
where D-galactose residues are present in the interior chains.215  Likewise, the very small
proportion of L-arabinose residues in the tragacanthic acid preparation, which gives rise
to 3,5-di-O-methyl-L-arabinose, represents a genuine minor structural feature since con-
tamination of the polysaccharide with arabinogalactan would produce the 2,3,5-trime'd})'1
ether as the main derivative of L-arabinose. In view of the difficulty in methylating
tragacanthic acid it is possible that some of the minor cleavage products from the
methylated polysaccharide are artifacts resulting from incomplete etherification. In
particular,  2,4,6-tri-O-methyl-p-galactose, p-xylose, 4-O-methyl-D-xylose, anq the
unidentified di-O-methyl-L-fucose could either be products of incomplete methylation or
represent genuine structural units in the interior chains of the polysaccharide. Expert
ments to obtain additional evidence on this and other points of fine structure are 1n
progress.

On the basis of the results the annexed partial structure summarises the main Str\lcf“ral
features of tragacanthic acid. The polysaccharide is clearly based on essentially linear
chains of 1,4-linked «-D-galacturonic acid residues. The majority of p-galacturonic ac!

» Bishop and Cooper, Canad. J. Chem., 1960, 38, 388.

1 Aspinall, J., 1963, 1676.
1% Aspinall and Baillie, following paper.
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residues carry xylose-containing side-chains through C-3. Three types of side-chain have
been recognised, namely, single g-p-xylopyranose residues, and disaccharide units of
.0-a-L-fucopyranosyl-D-xylopyranose and 2-0-3-p-galactopyranosyl-p-xylopyranose, and
these must account for the majority of the sugar residues in the outer chains. On the
present evidence it is not possible to exclude the presence, in small proportions, of other
units, e.g., xylobiose units or branched side-chains. The location of the small proportion
of 2-O-substituted L-arabinofuranose residues in the polysaccharide structure is not known.

-]

EXPERIMENTAL

Paper chromatography was carried out on Whatman Nos. 1, 3M), and 31ET papers with
the following solvent systems (v/v): (A) butan-l-ol-ethanol-water (4:1:35, upper layer};
(B) benzene—ethanol-water (169 : 47: 15, upper layer); (C) butan-2-one, half saturated with
water; (D) ethyl acetate-pyridine-water {10:4:3); (E) ethyl acetate-acetic acid-formic acid-
water (18:3:1:4); (I) ethyl acctate-acetic acid-water (10:5: 6); (G) ethyl acetate-acetic
acid-water (8:2:2). Rg values of methylated sugars refer to the rates of movement relative
10 2,3,4,6-tetra-O-methyl-p-glucose in solvert A. Demethylations cf methylated sugars were
petformed with hydriodic acid 16 or with Loron trichloride.’” Chromatography of the periodate
oxidation products of methylated sugars was carricd out by Lemieux and Bauer's method.1#
Unless otherwise stated, optical rotations were observed for water solutions at ca. 18°.

Gas-liquid partition chromatography of methylated and partially methylated methyl
glycosides was carried out in a Pye argon chromatograph according to the procedure of Bishop
and Cooper ** (see also accompanying paper 1), Separations were made on the following
columns {120 x 0-5 cm.) at gas flow rates of 80-~100 ml./min.: (a} 1537, by weight of butane-
1,4-diol succinate polvester 3 on acid-washed Celite (30—100 mesh) at 150°; (b) column a
at 175°; (¢) 109, by weight of polyphenyl ether [m-di-(m-phenoxyphenoxy)benzene] on acid-
washed Celite at 200°. Retention times (7} are quoted relative to methyl 2,3,4,6-tetra-0-
methyl-g-p-glucopyranoside as an internal standard. " \

Fractionation of Gum Tragacantin.—(i) Fractional precipitation fron: agueous solution. Crude
gum (10 g.) was dispersed in water (11 for 24 hr., and the resulting suspension was diluted by
the addition of water (500 ml.), stirred for 12 hr., and allowed to stand for 24 hr. at 0°. Small
varticles of dirt were removed by tiluration through muslin, and the insoluble portion of the
fum was removed by repeated centrifugation. The water-soluble portion of the gum
‘fraction A, 4-09 g.) was isolated by concentrating the aqueous solution and precipitating the
olysaccharide by addition of ethanol containing 2% of aqueous 2x-hydrochloric acid (7 vol.).
The insoluble portion of the gum (fraction B, 5-85 g.) was washed with water and dried by
solvent exchange with ethanol and ether.

. Fraction A (4-09 g.) was dissolved in water (500 ml) and ethanol was added slowly with
=“16’rmg_ Polysaccharide fractions Al—+#, which separated when the solution contained 503,
2043- 70%;, and 80, of ethanol respectively, were separated at the centrifuge. The mother-
d'{uors after precipitation of fraction A4 were concenirated to a brown residue, which was
‘t:“mvcd in water and partitioned between water and butan-l-0l. The butan-1-ol layer was
toncentrated to a white amorphous solid, hydrolysis of which resulted in the separation of an
mSOl}xble oil and the formation of glucose, arabinose, and xylose.

Fraction B (6-85 g.) was stirred under nitrogen with N-scdium hydroxide (80¢ ml.} for

hr., and the insoluble residue (B1) was separated at the centrifuge. The alizaline solution

* Hough, Jones, and Wadman, J., 1950, 1702.
w Bonner, Bourne, and McNally, J., 1960, 2929.
2 Lemieux and Bauer, Canad. J. Chem., 1953, 31, 814.
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was neutralised with acetic acid, and ethanol was added slowly with stirring, fractions B3 anq
B4 separating when the solution contained 50% and 70% of ethanol.

(ii) Fractional precipitation after regenevation of gum Sractions from Cetavion complexes. A
saturated aqueous solution of cetyltrimethylammonium bromide (‘" Cetavlon ") was added to
a solution of fraction A (10 g.} in water (1 L) until no further precipitate formed. The poly-
saccharide complex was removed at the centrifuge and washed with water. The complex wag
decomposed by stirring it with a 10% aqueous sodium chloride solution, and addition of ethang]
gave precipitates (A5 and A6) which separated at concentrations of 40%; and 70%, of ethanol,
The combined mother-liquor and washings from the complex were concentrated and poured
into ethanol {4 vol.), to give fraction A7. :

A solution of the alkali-soluble, but water-insoluble, portion of the gum (fraction B2, 10 g,
was passed through a column of Amberlite resin IR-120(H) to remove cations and treated with
« Cetavion "’ as above. Fraction B5 was precipitated with ethanol after regeneration of
polysaccharide from the insoluble complex, and fraction B6 was precipitated with ethanol
from the mother-liquors from the complex.

(iii) Fractional precipitation of 2-hydroxyethyl esters. TFraction A (10 g.) in water (1 1) was
deionised with Amberlite resins IR-120(H) and 1R-4B(OH), and ethylene oxide (125 ml.} was
“added to the resulting acid solution. After 12 days the neutral solution was filtered to remove
precipitate A8, which had separated, and addition of acetone gave precipitates A9 and Al0
at concentrations of 20% and 509 of acetone. Fraction A9 had uronic anhydride, 41-39
(corresponding to 43-5%, in the acid polysaccharide) and was nsed in subsequent studies on
tragacanthic acid (Found: OMe, 19%; glycol ester, 5-4%).

{iv) Extraction of the gum with ethanol-water. Powdered gum (100 g.) was extracted with
boiling ethanol for 24 hr. Concentration of the extract gave a yellow solid (3 g.) which
contained unidentified glycosides and traces of glucose and arabinose. A portion of this
material was chromatographed on cellulose with butan-1-ol, saturated with water, to remove
monosaccharides, and hydrolysis of the resulting glycosides gave glucose, arabinose, and xylose.
The ethanol-extracted gum was shaken with ethanol-water (7 : 3} for two periods of 30 hr., the
mixture was centrifuged, and polysaccharide was precipitated by the addition of further ethanol.
Arabinogalactan (fraction Al4, 3—5 g.) was isolated after reprecipitation from aqueous solution
with ethano!l and had uronic anhydride, 5-4%.

(v) Fractionation of gum fractions on diethylaminoethylcellulose. Arabinogalactan (fraction
14, 335 mg.) was dissolved in 0-005:-sodium dihydrogen phosphate bufler (pH 6; 6 ml.) and
poured on to a column (32 x 3 cm.) of diethylaminoethylcellulose (phosphate form) as described
by Neukom ¢t al.t The column was eluted with 0-025M- (500 ml), 0-05M- (300 ml.), 0-1m-
{500 ml.), and 0-25M-sodium dihydrogen phosphate (pH 6) (500 ml.), and a gradient of sodium
hydroxide (0-01—0-5M; 2 1). Fractions (ca. 20 ml.) were collected and analysed for sugars
by the anthrone method ® and for uronic anhydride by thé carbazole method. Two minor
fractions (A15 and A16) were eluted at low phosphate concentrations and were isolated after
dialysis, deionisation, and concentration. The concentrated solutions were hydrolysed directly
and the hydrolysates were examined by paper chromatography. The main fraction (Al7,
296 mg.), which was eluted with 0-25M-phosphate, was treated in the same way and the
polysaccharide was isolated by precipitation with acetone [Found: uronic anhydride, 32 (by
decarboxylation), 509, (carbazole method)]. When a sample of this fraction was rechromato-
graphed on diethylaminoethylcellulose a single peak was eluted at the same phosphate
concentration. .

2-Hydroxyethyl tragacanthate (fraction- A9, 355 mg.) was de-esterified in 0-5M-sodium
hydroxide for 3 hr., and the resulting polysaccharide was precipitated with ethanol, dissol\'e‘d

- in 0-005M-sodium dihydrogen phosphate buffer (pH 6; 5 ml.), and chromatographed on diethyi
aminocethylcellulose as described previously. - A number of minor fractions were eluted at low
phosphate concentrations and two of these (All and Al2) were isolated after dialysis and
deionisation, and their hydrolysis products were examined by paper chromatography. The
main fraction (A13, 325 mg.), which was eluted with alkali, was treated in the same way ‘_"“d
the polysaccharide was isolated by precipitation with acetone {Found: uronic anhydride.
432 (by decarboxylation), 40% (carbazole method)]. When a sample of this fraction was
rechromatographed on diethylaminoethylcellulose a single peak was eluted with alkali.

Examination of Fractions from Gum Tragacanth.—The results of the examination of the
various fractions from gum tragacanth are given in the Table. Approximate proportions o
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sugar formed on hydrolysis are indicated by + + + = strung, ++ = medium, - = wezk,
and tr = trace. Quantitative paper chromatography was carried out Ly Hirst and Jones's
thod.? ’
e Fractions A9 (after de-esterification) and A14 were examined by ionophoresis on glass fibre
aper in 2x-potassium hydroxide. The major companent of A was immabile an oniy traces
of other components were present. The mnain component was eluted from the paper and
hydrolysed to give galacturonic acid, xylose, fucose, and small amounts of galactose and
arabinose. The major component of Al4 migrated as a discrete band and only a trace of an
jmmobile component was present. Elution of the main component from the paper followed
by hydrolysis and paper chromatography showed arabinose, galactose, and traces of
galacturonic acid and rhamnose.

Examination of fractions from gum tragacanth.
Sugars on hydrolysis

Starting Frac- Wt Equiv. -~
material tion (g} Ty wt. GalA Gal Ara Xyl Fuc Rha G
(i) Fractional precipitation of tie gum.
Crude gum Al 2-31 +101* 4056 4+ + tr + 444+ F - —
(10 g.) A2 0-43 +5 — T+ + + +++ + tr —
A3 0-32 -35 — + + + 4 ++ - tr —
A4 0-18 —50 1540 + + 4 Lt + . - tr —
Bl* 210 —_ — + + + + + — +
B3 285  +85 575 +++  + + 44+ 4+ ouw
B4 0-50 —20 1100 - T + —  tr —
(ii) Fractional precipitation after regeneration of Cetavlois complex.
Fraction A A5 675 +120° 405 4 + + +++ 4+ o
(10 g.) Ag 1-3% —40 1425 - + - - + + tr —
AT 1-07 - 04 1650 + ++ + T+ + — tr —
Fraction B2 Bs 760 +69 27 - -+ +++ +4+ tr tr
(10 g) B6 1-53 -21 1050 + R i e + tr tr —
(iii) Fractional precipitation of 2-hydroxvethyl esters,
Fraction A AS*  1.78 — — -+ tr + + + - +
(10 g.) AD s 1040 353 - + tr St 4+t e
A0 087 — 47 1790 + T+ e tr — tr  —
(iv) Extraction of cyude gum. :
trude gum Al - —78° 3500 3% 129 " 75% - - & -
(v) Fractionation on di.thvlaminosthyleellulose.
Fraction A9 All — - . —- 133 - tr —  — 44
0-335g) A1z .. .- -- tr tr e+ = = 4
. Al 0323 1050 — 43°%, 4%, tr 0% 109, — —
Fraction Al4  Al5 - - — tr 4+ tr —_ tr  +
0-325 g) A6 - - —-- tr - tr — &r tr
AT 0206 -7 .- -+ - —  tr —

* Fractions 131 and AS were incompletely hydrolysed with 2x-sulphuric acid at 100° in 18 hr.
When t!le insoluble residue was treated with cold 729 sulphuric acid for 3 davs and then with dilute
sulphuric acid at 100° for 12 br, glucose was formed as the main hydrolysis product.

. Characterisation of L-Rhamnose as a Constituent of the Gum.—Powdered gum (10 g.) was
avdrolysed with ~-sulphuric acid {1 1.) at 100° for 12 hr., and the cooled suspension was filtered,
tettralised with barium hydroxide, filterad again, deionised. and concentrated to a syrup
2 g). The syrup was partitioned on a cellulose column (66 X 3:5 cm.) with butan-l-ol-
Clhanokwater (3:1:3, upper layer) as eluant. Most of the rhamnose was eluted together
ith fucose, xylose, and arabinose, and this fraction (340 mg.) was refractionated on cellulose
(57 X 2.2 ¢m.) with solvent A as eluant and gave L-rhamnose (93 mg), iy +7° (¢ 1-9), which
Was characterised by conversion into the toluene-p-sulphonylhydrazone, m. p. 240—241° and
Mixed m. p. 241—242°,

Preparation of Degraded Tyagacanthic Acids.—2-Hydroxyethy! tragacanthate (fraction A9
38.) was heated in 0-05¥-sulphuric acid (500 ml.) on the boiling-water bath for 20 hr. Ethanol

" Hirst and Jones, /., 1949, 1659.
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(5 vol.) was added to the cooled solution. and degraded tragacanthic acid 1 (3 g.) was removed
by filtration, washed free from acid, and dricd.  The degraded polysaccharide had P, +175°,
equiv. 324, uronic anhydride (by decarboxylation) 46-49%, (corresponding to 48-5% in the acid
polysaccharide), and glycol ester 4-7%;. The glycol ester content of degraded tragacanthic
acids I and II was estimated by saponification and oxidation of the liberated glycol with
periodate, followed by determination by the chromotropic acid reagent of the formaldehyde
formed.?* Hydrolysis of degraded tragacanthic acid 1 gave galacturonic acid and xylose in
approximately equal proportion, and traces of fucose, galactose and arabinose. Neutralisation
of the mother-liquors from the precipitation, followed by chromatography, showed fucose with
smaller amounts of xylose, galactose, arabinose, and neutral oligosaccharides, and traces of
2-Hydroxycthyl tragacanthate (6 g.) was heated in 0-Gx-sulphuric acid (500 ml.) on the
boiling-water bath for 6 hr., and afforded degraded tragacanthic acid II (1'3 g.), [, +228°,
equiv. 202, uronic anhydride 68-5%;, and glycol cster 0-5%. Hydrolysis of the degraded
polysaccharide gave galacturonic acid and xylose.

Enzysnic Degradation of Degraded Tragacanthic Acid~—Prcliminary experiments showed that
degraded tragacanthic acid I was similarly degraded by both ‘‘ Hemicellulase " and
‘* Pectinase ** (L. Light and Co. Ltd.), but that the enzyme preparations had little action on
tragacanthic acid and that only traces of arabinose and galactose could be detected as degrad-
ation products. Degraded tragacanthic acid I (3 g.) was treated in water (1 1.) at pH 3 (acetic
acid) with ** Hemicellulase " (1-2 g.) for 8 hr. Dolysaccharide was precipitated with acetone
(1 vol.) and was treated with enzyme for three further periods of 8 hr. The combined centri-
fugates werc concentrated, neutralised with ammonia, and taken to dryness {2-05 g.). Paper,
chromatography in solvent E showed, in addition to xylose and galacturonic acid, an acidic
oligosaccharide having Rgyacturonic acia 0-72 together with smaller amounts of acids having
Rgalacturonic eeig 0-51 and 0-38.

Degraded tragacanthic acid II (3 g.) was degraded similarly and afforded a similar mixture
(1-71 g.) of monosaccharides and acidic oligosuccharides. The main oligosaccharide component
had Rgacrironic scit 9°81. The products from both enzymic hydrolyses were separated on filter
sheets with solvent E, and fractions of the same mobility were combined.

Examination of Acidic Oligosaccharides.—Acidic oligusaccharide I {285 mg.}, R gatacturonic acid
0-72 in solvent E, had &, +20° (as ammonium salt) (¢ 0-57). Hydrolysis gave xylose and
galacturonic acid, and hydrolysis of the derived glycitol (from borohydride reduction) gave
xylose and galactonic acid. The glycitol (10 mg.} was oxidised with 0-004M-sodium meta-
periodate (25 ml.}, and samples (1 ml.) were withdrawn and analysed for formaldehyde by the
chromotropic acid method.?® The formaldehyde liberated corresponded to 1 mole per mole of
glycitol. The sugar (200 mg) was methylated with methyl sulphate and 309, sodium
hydroxide, care being taken to avoid strongly alkaline solutions until glycosidation was
complete. The reaction mixture was acidified to pH 3 and extracted with chloroform. The
methylated acid (70 mg.) was reduced with lithium aluminium hydride (150 mg.) in tetra-
hydrofuran (15 ml) and furnished methylated neutral disaccharide (58 mg.). Hydrolysis of
the methylated disaccharide with N-sulphuric acid for 4 hr. on the boiling-water bath gave two
sugars, R; 0-41 and 0-93, which were separated on filter sheets in solvent A. The first
component (23 mg.), o), +82° (¢ 1-1), was recrystallised from acetone containing 19 of Wﬂ't“
to give 2,4-di-O-mcthyl-p-galactose monohydrate, m. p. 102> and mixed m. p. 101—102°, which
was further characterised as the aniline derivative, m. p. and mixed m. p. 210°. The seconfi
component (22 mg.), [, +20° (¢ 1-1), was recrystallised from ethanol-water, to give 2,3,4-t7
O-methyl-p-xylose, m. p. and mixed m. p. 90—91°, L.

Acidic oligosaccharide IT (98 mg.), Ryyicturonie neia 0-51, was chromatographically indis-
tinguishable from the digalacturonic acid from pectic acid. It gave a calcium salt which _hi‘d
Tl +122° (¢ 1.2 in x-HCI) and whose infrared spectrum was identical with that of calcium
digalacturonate from pectic acid.

Acidic oligosaccharide I11 (10 mg.), Rydacturonic scta 0-38, gave galacturonic acid and smallef
amounts of xylose on hydrolysis. o

Acidic oligusaccharide 1V (12 mg.), Ryiscruronic acid 0°26, was chromatographicalw_md‘.:
tinguishable from the trigalacturonic acid from pectic acid. Hydrolysis gave galacturonic act

# McFadyen, J. Biol. Chem., 1945, 158, 107.
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only. It gave a calcium salt which had wp 1517 fe 0-Gin % HOL, and an ndrured spectium
identical with that of calcium trigalacturonate {rom pectic asid.

Acctolysis of Acetylated Tragacanthic Acid.-—Acetylaied tragacanthic acid (12-3 ¢ ,, preparer!
by the method of Carson and Maclay,?! was added slowly to the acetoiysis mixture (300 ml.;
acetic acid, acetic anhydride, sulphuric acid, 10: 10: 1) at 07, shaken at room temperature ior
12 hr. until dissolution was complete, and set aside for a further 60 hr.” The mixiure was
poured into water (4 1) and sodium hydrogen carbonate was added gradually (to pH 4;. The
precipita.ted acetates werc removed at the centrifuge, washed with water, and dissolved in
chloroform, and the dried solution was concentrated to a syrup (80 g.). The syrup was
dissolved in methanol (150 ml.) containing chloroform (10 ml.j, ¢-3x-barium methoxide (40 ml.)
was added, and the mixturc was shaken overnight. The resulting mixture, which was still
alkaline, was pourcd into water (3 1.), a small insoluble residue was filtered off, the filtrate was
concentrated, barium ions were removed by passage through Amberlite resin IR-120(H), and
the solution was concentrated to a syrup (3-6 g.). The syrup was added to a column of charcoal
(B.D.H., Ltd., acid-washed)-Ceclite (160 g.; 1:1) which was eluted successively with water,
and water containing 29,, 5%, 10%, and 159; of ethanol. Each fraction was treated with
Amberlite resin IR-45(OH) to renmove acids, concentrated, and examined chromatographically.
The fraction (454 mg.) eluted with water containing 59, of ethanol consisted of xylose and a
trace of galactose. Chromatographically pure samples of the two disaccharides were obtained
by fractionation on filter sheets with solvent E.-

Disaccharide A (110 mg.), e 1°4 and 1-0 in solvents D and E, was recrystallised from
ethanol-water and had m. p. 185—190° (decomp.) and !, —861° (equil) (¢ 0-71). The sugar
gave no colour with triphenyltetrazolium hydroxide and furnished fucose and xylose on
hydrolysis. Hydrolysis of the derived glycitol gave fucose and xylitol. Methylation of the
sugar (80 mg.) with methyl sulphate and 309} aqucous sodium hydroxide afforded methylated
disaccharide (65 my.), hydrolyvsis of which furnished two sugars, R; 0-92 and 0-75, and only
traces of other products. The sugars were separated on filter sheets with solvent A. The
first component (25 mg.), 'z}, — 118" (¢ 1-4), recrystallised from ethanol-water to give 2,3,4-tri-
O-methyl-L-fucose, m. p. and mixed m. p. 62-—63°, which was further characterised as the
aniline derivative, m. p. 132-—133°. The second component (30 mg.), [, +21° {¢ 1-5), was
chromatographically indistinguishable from 3,4-di-O-mcthyl-p-xylose and was characterised
by conversion into 3,4-di-O-methyl-p-xylonolactone, m. p. and mixed m. p. 67—68°.

Disaccharide B (60 mg.)}, Ryyese 1-95 and 0-6 in solvents D and E, [ +40° (¢ 3-0), gave no
colour with triphenylietrazolium hydroxide and furnished galactose and xylose on hydrolysis.
Hydrolysis of the derived glycitol {from borohydride reduction) gave galactose and xylitol.
Methylation of the disaccharide (55 mg.) with methyl sulphate and 309, aqueous sodium
hydroxide furnished methylated disaccharide (41 mg.). Methanolysis of the methylated
disaccharide afforded a mixture of methyl glyvcosides, the ‘major components of which had the
retention times of tiic niethyl glycosides of 2,3,4,6-tetra-O-methyl-p-galactose (I" 1-84sh, 1-99)
and 3,4-di-O-methy!-p-xvlose (T 1-32, 1:63) when cxamined by gas chromatography om
column ¢. The major portion of the methvlated disaccharide was hydrolysed to give two
sugars, R; 0-88, 0:75, which were separated on filter sheets with solvent A. The first com-
ponent (18 mg.), iy, -i- 118" (¢ 0-91), was characterised as 2,3,4,6-tetra-O-methyl-p-galactose by
conversion into the aniline derivative, m. p- and mixed m. p. 188—189°. The sccond com-
ponent (17 mg.), [ol, +23° (¢ 0-85), was chromatographically indistinguishable from 3,4-di-0-
methyl-p-xylose and was characterised by conversion into 3,4-di-O-methyl-p-xylonolactone,
M. p. and mixed m. p. 67—68°.

Preparation and Hydrolysis of Reduced Methylated Tragacanthic Acid.—Tragacanthic acid
Proved very resistant to methylation, and samples of partially methylated polvsaccharide
(Found: OMe, ca. 30%,) were obtained by two procedures. In the first procedure the water-
soluble portion of the gum was methvlated with methy!l sulphate and 309, aqueous sodium
h)"droxide. methylated glycoside and methylated arabinogalactan were removed by extraction
With chloroform, and partially methylated tragacanthic acid was isolated after dialysis and
toncentration of the remaining solution. This material was converted into the silver salt and
;‘;"-ted with methyl iodide and silver oxide in methanol suspension. 1In the second procedure,

™ Ydfoxyethyl tragacanthate was converted into the thallium salt with thallous hydroxide and
ted with methyl iodide in methanol suspension. The combined samples of partially

* Carson and Maclay, J. Amer. Chem. Soc., 1046, 68, 1015.
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methylated tragacanthic acid were further mcthylated by several treatments with methyl
jodide and silver oxide; methanol and later acetone and tetrahydrofuran were added to aid
solution. Methylated tragacanthic acid had fel, +90° (¢ 0-98 in CHCl,) (Found: OMe, 38-69,,
not raised on further methylation). : .

Lithiuvm aluminium hydride (3 g.) in tetrahydrofuran (25 ml) was added dropwise to
methylated tragacanthic acid (2-8 g.) in tetrahydrofuran (150 ml.), and the mixture was refluxed
for 2 hr. Further hvdride (1 g.) was added, and the mixture was refluxed for 1 lir., and set aside
for 18 hr. The excess of hydride was destroyed by addition of ethyl acetate, and the solution
was brought to pH 4 by addition of dilute sulphuric acid. The solution was extracted with
chloroform, the extract was dried and concentrated, and reduced methylated tragacanthic acid
(1-9 g.) was precipitated by light petroleum. A further quantity of methylated polysaccharide
was isolated from the aqueous layver after neutralisation, concentration, and extraction of the
dry residue with chloroform. Reduced methylated tragacanthic acid (215 g.) had [, +-78°
(¢ 12 in CHCl) (Found: OMe, 31-8%). Hydrolysis of a sample of the methylated
polysaccharide followed by paper chromatography of the hydrolysate failed to reveal
methylated uronic acids. )

Reduced methylated tragacanthic acid (1-9 g.) was dissolved in N-hydrochloric acid (125 ml.)
and after 2 days the sotution was gradually warmed to 100°, and the hydrolysis was completed
by heating the mixture on the boiling-water bath for 10 hr. (constant rotation). The solution
was neutralised with silver carbonate and concentrated to a syrup (1-7 g.) which was separated
on cellulose (74 x 4 cm.), (i) light petroleum (b. p. 1u0—120°)-butan-1-ol (4: 1, later 7:3,
and 1: 1), saturated with water, (i) butan-1-ol, half saturated with water, and (iii) water being

Analysis of hydrolysate of reduced methylated tragacanthic acid.
Paper chromatography *

Sugars given Other
Fraction Wt. (mg.) {alp Rq Sugar on demethyln. evidence t
- 0-93 2,3,4-Me,xylose Xylose RBRCD
1 397 +16° { Qg3 2.3,4-Mesfucose (f)
. 0-93 2,3,4-Mc,yxylose Xylose N
z 131 ~80 { 0-88 2,3,4-‘.\'1e:(ucose Fucose B, CD
088 Me,galactose Galactose
3 143 —12 0-81 Me,fucose Fucose B,C,D
075 3,4-Me,xylose XKylose
0-93 2,3,4-Me,xvlose (?)
- \ 0-87 2,3,4-Me,fucose (¢} Xylose .
4 172 T4 0-80 Me,fuco;c () Fucose (f) B.C.D.1
0-756 3.4-Me, xylise
- Y ; 075 3,4-Me,xylose (2) Xylose
2 32 +43 { 0-68 hle,galgctose Galactose B.C.D.1
0-68 Mejgalactose Galactose
6 19 +65 {45 Me fucose () Fucose (1) B
068 Me,galactose Galactose
7 20 +18 0-68 Me,xylose Xylose B,C
0-56 Me fucose (i) l':ucose ()
8 21 +32 0-50 Me fucose { Gucose @y BGLF
. - . ¢ Galactose
. 0-35 Me,galactose
9 22 +68 G Fucose B, G1
{ 047 Me xylose Xylose
0-48 2,3-Me,galactose .
10 155 +170 039 { ‘e xvlose (olactose B, LP
3-Me xylose (f) Y
. 2,4-Me,galactose Galactose P
u 40 +66 0-40 { Me xylose (4) Xylose (f) D.E,
y c Me xylose Xylose 1
12 22 +11 0-29 { Unknown sugar Galactose (f) D, E,
- 0-28 Unknown sugar Arabinose 1
13 3v +10 { 0-24 2-Me galactose Galactose D.E.
14 320 +84 0-23 2-Me galactose Galactose
0-23 2-Me galactose
15 150 +46 0-17 Xylose D, E
0-09 Galactose

* t e trace. ¢ B, C,D,and E = paper chromatography in solvents B,C, D, and E, reSPCCﬁ"dy;
} = paper innophoresis; P = paper chromatography of the periodate-oxidised sugar.
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used as eluants to give fifteen fractions. The annexed Table summarises the results of
preliminary examination of the various fractions. o

Fraction 1. The syrup crystallised to give 2,3,4-tri-O-methyl-p-xylose, m. p. and mixed
m. p. 80—961°, [, +60° —» +17° (equil.) (¢ 1-2), and thé sugar was further characterised by
conversion into 2,3,4-tri-O-mcthyl-p-xylonnjactone, m. p. and mixed m. p- 55—56°.

Fraction 2. The syrup was fractionated on filter sheets with solvent D, to give {ractions 2a
(40 mg.) and 2b (61 mg.). Fraction 2a, [od, +20° (¢ 0-8}, crystallised to give 2,3,4-tri-O-methyl-
p-xylose, m. p. and mixed m. p. 90—91°, Fraction 2b had p —~118° (¢ 0-75) and gave fucose
and a trace of xylose on demethylation. Crystallisation from ethanol containing 19, of water
furnished 2,3,4-tri-O-methyl-L-fucose monohydrate, m. p. and mixed m. p. 63—64°. The
sugar also afforded an aniline derivative, m. p. 132—~133° (James and Smith 2 give m. p. 133—
134° for 2,3,4-tri-O-methyl-N-phenyl-L-fucosylamine).

" Fraction 3. The complex mixture of sugars was partly fractionated on filter sheets with
solvent B, giving fractions 3a {44 mg.) and 3b (96 mg.). Fraction 3a had ia], +116° (¢ 0-9) and
chromatography in solvents A, B, C, and D and paper ionophoresis indicated that the main
component was 2,3,4,6-tetra-O-methylgalactose and that only traces of tri-O-methylfucose and

‘tri-and di-O-methylxylose were present.  2,3.4,6-Tetra-O-methyl-p-galactose was characterised

by conversion into the aniline derivative, m. p. and mixed m. p. 189—180°. Chromatography
of fraction 3b, [«},, —40° (¢ 0-96), indicated the presence of 3,4-di-O-methylxylose, a di-O-methyl-
fucose, and a trace of tetra-O-methylgalactose. A further component was revealed by paper
ionophoresis and the major portion was further separated by ionophoresis on filter sheets into
three sub-fractions. Chromatography and ionophoresis of fraction 3b (i) (15 mg.) showed a
main component, R; 0-80, which gave fucose on demethylation. Gas chromatography of
the methyl glycosides on column a showed two main components, T 1-08 and 1-52. Fraction 3b
(ii) (10 mg.), iz}, +22° (¢ 1-0), was characterised as 3,4-di-U-methyl-b-xylose by conversion
into 3,4-di-O-methyl-n-xylonolactone, m. p. and mixed m. p. 67—68°. Fraction 3b (iii) (6 mg.)
was chromatographically and ionophoretically indistinguishable from 3,5-di-O-methyl-L-
arabinose, gave arabinose on demethylation, and furnished methyl glycosides having the
relative retention times (I 1-06, 2-75) of methyl glycosides of 3,5-di-O-methyl-L-arabinose
on column a.

Fraction 4. The syrup was separated by ionophoresis on filter sheets into fractions 4a
(20 mg .} and 46 (62 mg). Fraction 4a contained three components, probably a di-O-methyl-
fucose (R 0-30) and 2,3- and 2.4-di-U-methylxylese (X 0-73, 0-69), and gave fucose and xylose
ondemethylation. Fraction 4, Ay -+ 21 (¢ 1-5), was chromatographically and ionophoretically
hamogeneous and was characterised as 3,4-di-O-methyl-p-xylose by conversion into 3,4-di-O-
methyl-p-xylonolactone, m. p. and mixed m. p. 67—68°.

Fraction 5. The syrup was converted into methyl glveosides which were examined by gas
Chromatography. Components having the retention times of methyl glycosides of 2,4,6-
{major) and 2.3,4-tri-O-methyl-p-galactose (minor) (T 4:16 and 4:76, and 7-5 on column b, and
210 and 2-39, and 2-66 and 2-93 on column ¢) were recognised, but the complex mixture of
glycosides from other sugars (probably including di-O-methyvixylose) could not be identified
with certainty,

Fraction 6. The syrup contained 2,3,4-tri-O-methyl-n-galactcse as the main component
and the sugar was characterised as the aniline derivative, m. p. and mixed m. p. 164 —165°.

Fraction 8. The syrup, {o, +32° (¢ 1-0), contained a major component, g 0-38, which
as purified Ly chromatography in solveat ‘A. Chromatography of the periodate-oxidised
*ugar showed a series of products similar to those formed by 3-O-methylrhamnose. Gas
‘hm‘“atography of the methyl glycosides showed a main ccmponent (T 1-00 on column ¢) which
Was distinct from the methyl glycosides formed from 2-O-methyvl-L-fucose.

h Fraction 10. Gas chromatography of the derived methvl givcosides on column ¢ indicated
) € Presence of methyl glycosides of 4-O-methylxylose (T 1-10) and 2,3-di-O-methylgalactose

248, 3-23, 3.75, 4-24). The syrup was fractionated on filter sheets with solvent E. to give
Pure samples of 4-O-methyl-p-xylose (40 mg.) and 2,3-di-O-methyl-p-galactose (50 mg.),
together with a mixture {45 mg.) of the two sugars. 4-O-Methyl-D-xylosc crvstallised when
:eded had m. p. and mixed m. P- 102—104° and (!, + 117 (equil.) (¢ 2-0), and was further

catified by an X-ray powder photograph. 2,3-Di-O-methyvl-p-galactose. [&,, < 77° (¢ 0-75),

* James and Smith, J., 1945, 748.
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was characterised by conversion into the aniline derivative which was identificd by m. |, I53
e and mixed m. po (with sample mo po 182 .153%) 152 1547, and by X-ray l"'W(lvT.
photograph. ’

Frachon 11 The syvrap crystallised o pive 2,4-di-0-methyl-np-galactose monat, o,
m. poamd mined e po 970987 which wis further charvacterised by conversion into the.
devivative, mopoamd naxed e po 200 2107,

Fraction VL The sugar covstallsed from ethanol wader to give 2-O-methyl-n g,
mpoand mased m o p 6 LS and Ja], | D27~ | BT (cquil ).

Fraction 15 The magor portion of the syrup was Irctionated on filter shee wa.
solvent D, to give 2 0 methyl o galacfose (21 my), me po and mixed m. p, 1477, Tk..'.:
fequil) (¢ 1-0), p-xvlose (80 mpl), loefy, 1 807 =} 1D (cquill) (¢ 4-0), . p. and mixe oy,
144 1457 [diO-benzyldene dimethyl acetal, m. p. and mixed m. p. 210%], and Db,
(29 mg.), fal, 1807 (equil) (¢ 1-3), m. p. and mixed m. p. 166" [mucic acid, m. p. and m;,,
m. p. 2107}

Evamination of Hydrolysis Products from Methylated and Reduced Methylated Tragacany,,
Acid.—Samples (100 mg.) of methylated and methylated reduced tragacanthic acid Were
hydrolysed and the hydrolysates were separated on filter sheets with solvent D intq fons
fractions containing (i) tri- and di-O-methylpentoses and 6-deoxyhexoses, tetra- and tri-o,
methylhexoses (Rg 0-93—0-60), (ii) O-methylpentoses and di-O-methylhexoses (R 0-g0..
0-25), (i1} O-methylhexose and unsubstituted sugars (Rg 0-25—0-10), and (iv) methylateq acuds
{chromatographically immobile). The various fractions were converted into methyl glyooside.
which were examined by gas chromatography on columns b and ¢. In addition, the methylat,.,;
acids from methylated tragacanthic acid were ireated with methanolic hydrogen chiori,
reduced with lithium aluminium hydride, and hydrolysed to give neutral sugars which v,
examined by paper chromatography and whose methyl glycosides were examined by @
chromatography on column ¢.  The results indicated that 2,3,4-tri-, 2,3(and possibly 2,4)-d;..
and 2-O-methylgalactose were formed only after reduction of hexuronic acid units.
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319. Guwe Tragacunth. Pert 112 The Arebinogclectan.
By G. O. Asr:.\'ALL and J. BaILiig.

: Hydrolysis of the methylated derivative of the aralinogaiacinn
gum tragacanth furnishes 2,3,5-tri-, 2,5-, 2,5-, and 2,5-di-, 8- and 3-C-n

)
L-arabinose, r-arabinose, 2,4,0-tri-, 2,8- and 2,%-di-, and S-O-me
galactose, D-gaAa:tvs,, -O-.u\. iLy-L-rlimnese, 2,3,4-tri- and 2,3-di-O-n
p-galacturonic acid, and troces of othior sugars.  Degraded polvszechs zides
have becn prepared by mild ccid hydreiysis and Ly ;‘..Ou. ation o the
periodate-oxidisel araomcg::ac:an and the cliovess products from their

methylated derivatives kave been cxamined by cironiaiogralic teciuques.

Ix Part I'! it was shown that the ar .L;nnogala.ctan corz:vonu*t of gum tragacanth may be
isolated conveniently by extracticn of the gum wiils elhanci-water (v: C‘.. This poly-
saccharide preparation was essentially hom ozr nicus wnen c!z.’ematograp 1 on diethrl-
aminoethylcelluloss and hydroly.is wforled sl rrecoriicns of g:;iacmrcﬁc ocid 2nd
rhamnose as constitueat stgars ia aidiion to arabines? aud galecrose,  In earijer stu’ =5
cn the polysaccharide J Tames and Siniti © showed lini whan guin fregocenth s methyls

L

1 Part 1, preceding naper.

s }f_::‘xc apd Smite, L, 1045, 740,

ot
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‘indicated that the polysaccharide was bizh
Lomogeaecity was not available, sugzizicu

i b : o |

tevoo) - TWM L ragieierive. LWk 11, _ 1T

the derivative of the arabinogalacten mey be separalcd [rora that of the rizjor pulv-
saccharide component, tragacanthic acid.  The foi;owir.:, sugars weis 1c.ognised as
cleavage products from the methyh.ted arabinogucclan, 2,5,0-tri- and 2,5-ismmatisglL-
arabincse, L-arabinose, and an unidentified di-G-iictlyl-p-gilactose. 'n Line re,z.itr
ard, nldipusl: stiing avideiice of
Soiavitic was based o a cere of

.¢d chelns of -

D,-galacto:c: residues to which were atio
resicues, This conclusi
further structural defails have been cemuu,.ﬁcﬂ
Methylated ‘.;aoum:,u.-s._:a-* was gropoie L;f e,“-.‘..uum ox ﬂm oo
saccharide and by mcwayiation of the waltissci
separciicn of the mc:};'.‘lated derivative., The O
and the fellowing sugars were characicziocd by fhe
2,3,5- tn , 2,0, 2,5-and $,5-Ci-, % and - C-.;....l:, .
ard 2,¢-di-, and 2-C-nieiiyi-b-gaiccione, ‘ L ety LTLamne
tri- and 2,3-di-O-metiayi-D-galaciuronic ¢ In uw“\-\,u, euc‘encc vias ou_az-.:_' Aor
presence in the hyarolymh. of an uninown c-

rhamnose. These results show that th: r-crelin 2.‘L~..L¢J.D 7 r €3I

furanose form only, are involved in alziost all thiz oo ComMbInaWosS ¢ 1,2, 1,3- and

Ci3 SUPLor tec tJ riheres

~ A,.<
Gid .J;.—lonu.lz tldes b

#

i,5-linkages, and that the p-galactose residues are present inainiy as sis JL or deoablz

ranching points. ,
Under controlled cond;tmns pardal ..L'd bydrolsis of the araomc'*a.a-.m :esult*d in
selective cleavage of arabinose residucs, and o degre
that the poly sacnharmc contains o Core o2 car.u’_,..s D
examination of this muterial showed that tiic e
but that i.6-linkages pru..umma ed. Paper chwomaicgriphy of the producis of partial
acid hydrolysis indicaied that G-O-ga vas the :;C"I"‘I.LL‘ formed in
greatest aniount, but that the 1,5 wos oelio vroduced.  Gos-
chromatograpay &* of the mixture of 3 of modiylated svgots fovmad oo
methanolysis of the mwethyiated degr

b B TP < I TS R
L v 704 | \ ;as iscizted ske [ptaies
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JE2 NSt )

riCen poysacciaride wes still Limnszed

2,4-di-O-methyl-galactesa.

Further information concerning the hisli' ramificd cuter chains of L-21abincforanczs
residues in tie polvseccharide and Con o in whick some ¢ :' thesz ¢hcing
are attached to the inner chains of D-galzctoprransie vesitues wes eotainad L degradine

[-] .

the arabinogalactan in o stepwise manner by rem \iLose sugar re i
attacked by periodate in the procedure of Smith and Lis co~"'on p
oxidised arabinogalocten was reduced with potas Covchyvlilo and conmunslnd
hydrolysis with cold dilute acid then afiorded desradsd arobinagalacian A, Two further

degradations furnisicd successively degraded arabine: re 2 oand o Adter each
degradation the degradel polvsaccharide was roovere
solution and procr..cts of lew molccu!:‘.r we aizht wera i
Paper-chiromatographic examination of {he .ow-melrn
after acid hydrolysis, showed that S lrearolwas *':'f m
and that only small amounts o alvcosidicn
follows that the degradations resuited mainle in [y
sugar residucs in the polvsaccharide. .
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proportions of arabinos» to it 3 daerias

cl.‘i\‘}?“\"‘ thﬂt arﬂ‘\“](\:n "CS"‘l'ta were cnw*(‘ o —-—~; e ~

D"f“‘aded arabmoga::ctans A ard B were mathviazed and the roiwwive TreT L rueng of

® Bichen and Coomer, Canad, J. Chere., 1030, £3, 398,
4 Aeninill, ., 1023, Ty

3 Goldstein, Ilaw, Lewis, and Smith, Amar, Chem, Sos. Ifectine Taster. Apnl 1030, Abs. Uaper In,
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cded gaacten indiceted the p;c:::z e of meihl -
glycosides of 2,3,4-tri- (major comp.uent), 2,5&0-fetru-, 2,8,6- and 2,4,6-45- and’
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sed of interior chains of p-galacto-
5 are mutually joined by 1,G-linkages,
and a smaller prenortion by 1,3-linkx basal chaine carre highl‘.' rormified
exterior chains of L-arabinoit uraness masidues which are muteally jo.‘.c:l Ly 1,2-,1,3-, and
1,5-linkages. The palyzacclharide lso contains smail propurtions of n-galacturonic acid
and -m:rr. ross r;~sid‘ues \""‘cug. me L ocof lin.'::.gf; were indiczted by methylation. In
i pelysaccharide on DEAE-cellulose it is
1stifuents ol the arabinogalactan,
cse sugars are incorporated into
¢ is notable in containing a high ratio

The present resuits estellsh thn - ner
from gum tragacantiu. The 1,oi' ST

pyranose residues, in which the mejority o
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but nothing is -zt known of the wos
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The gereral e"pcr"‘*- real prevedures were as described in Pary
Prepavation and Hvdrolysis of Fullaioied  Arebincelactan—3Srabin rw‘l‘\ct wm (fraction
ALY 5 was nicthylated with mothylsuiphac ped sedim hydroxide and rartly methyloted
* Peintold Publ. Corp., New

¢ Smiith and fontgomery, ** Chemistry of Planc Curas and Mucilagas,
Tork, 1050,

. e mae s . - . o S 4 x5t m e
W mee : LRCR RN -

Lctcie residuss on degredation of ihe

. show that the pelvsaccharide has -

e
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'polysacchar..de (4 g.) was isolated b y extraction with clivroform (Found Olle, 340%,). This
vp:oduct avas combined with simiior materic
‘tragacanthic acid * (combined wi., U g, and fisind mf;‘.uyl.;-.n.m vith nicid. 1 icdide and silver
’o:dde furnisbed mothyizted a1abmo¢.mman L“2g. ). @, =977 (¢ 1-7 in CiiCyy (Pound: Oile,

izeinted during the preparalinn ol methylated

. 89-6%)-

. two days at room temperature. After addition ¢

-gave arabinose only on demetbylation and was charccierises a8 2,8,5-tri-C-12

" methylarabizos

Methylated arabinogalactan (-1 g was rus;;.;-nc';ei in 2:-hydeorlioric acid (100 mi; for
{100 ml. solution was compiets
and the mixture was heated slowly te 1007, can, L“ akea that no mu;en..t was precxpxtated
as methanol was removed by dstillation. Ths nuud‘e a5 dituted with water so that the
resulting solution was made = with respect tu ecid, and ti.e hycrolysis was continued on the
boiling-water bati: for a further 15 ho. [constant ;2. The cooled soiution was neutralised
with silver carbonate and filtered, prcc.p;tatmn oi siiver wes con‘p‘e*cd with l.ydro"cn snlpame,
and the hydrolysate was shaken with Amberlite resia IR-4E] LI) te remove acidic sugars, ead
concentrated to a syrup (2:80 g.;, wiiclh was scpatated oo ccluloze (s ¥ 4 cm, (i) Iight
petroleum (b. p. 100—120°)-butan-i-ci {73, la 13, saturnted with vates, (i) butan-i-cl,
half satoratced with water, and i) water being vsed 25

e‘.:;u:;;s o give tweive fractices. A
further fraction containing acidic sugars was elutzu irom thz isn-exciange resin with N-formis
acid. . : .
Fraction 1. The chromatographicaily pure syrup {961 mgz), Rg 0-95 and [, —40° (¢ 1-2),

Ty PR
SyLerabinsss

by conversion into 2,3,5-tri-O-methy. -L-zoclonamide, mi. p. 135—135° aad mixed m. p. {wits
U aded

sample, m. p. 134—130°) 134—13C%

Fraction 2. Chroma.towrc.pn" of the syrup (151 mg.j, (&, —20° (c'O 51), in solven's &, B, -
and C showed a complex mixture of sugars including 2,3,5-tri-, ..,.){-:,a- and 2 3-\.1-0—:::‘.'1:}'!-_

nlanteze, and Camcihylztion o- tho symuD
(170 mz.) was refrocticnatsd ez ecliuiase

]

arabinose, di-O-methylrhamnose, and tri-G-meilyige
gave arabinose, galactose, and rham Thes
{45 x 2 cm.j with lighe petrclzum L, 5 1691207, -Lutan-l-cl v
eluant, to give fractions 2¢ (28 mg.). 25 (1L w £5 mg.), acd £4 (24 mg.). Fruciicn 2a,
Rg 085 and {«, —30° (¢ 1-4), was chre: na.:;gro.r 2 opure 2,5,5-tri-C-methy l-‘.-am...“..sc.
Chromutog.ag 1oof fraction 25, &, £-24° (¢ 07 in soiverts &, B, and C, and ionzylicresis
indicated 3,4 4-di- O-nietiwylriamn (ma;cr compeneat; end 2 mixture of 2,5- and S,S-CZ'Z--G-
. Gas chromatograpay of the dariv:d methyl glycozides on columan o showed
components huoving the retention times ¢ mothy! glrecsides of 3,4-di-O-methylziizmnose
(T 0:97) ard 2,5-di-C-methyiarali {T 2-G2} Dcm"‘fn'h..-o“ c :r.:ctxcﬁ 2h gave rhamnsse
and arabinose. Clhromatography ant isnopher {v showed 2,5- and
3,5-di-C-methylarabincse as majsr compenents wi 3-Ci- C-:::::hyl:.:: incse and
2,4,6-tri-O-methyvignlactese.  Chromate ::'"'.‘I::c:. _ti ol pure ="mc‘~s of
two main components were obtained of ionc;.zarcs;‘ on ﬁl-h shcess.  £,5-Di-C-metly
arabinose (45 mg.) was characte i

m. p. 50-60° (depressed on ndnﬂxtue with 3,3-di-0- xre,lt"’-f--"abc:cla.::one) {Smith * gives
m. p. 607 for 2,5-t ; r-amalimes? (80 mg was
cl‘arav.terxsed by convession inte & 5 di-O-metl

I gaturoted w

"J"’l‘” weloe e nuelasticre!

- = m. p. and mixed . D
76—77°. Chromatography of fraction 24, [, = 017 (¢ 1-2], in sclvents A B, ard C showed
2,3-d1-0—mc1h:.'lar:‘.b.nOac and 2.4,6-tri-O-methylgnlacinse, and demethviation gave arabinese
and galactose. Gas chremategrarhy of the derived methyz glreosides on colemn ¢ showed
Inain components having the re: m(w‘“ times of metiyl glrsosides of 2,3-¢i-Comethylorabinese
(T 0:62, 0-82, 0-99) and 2,4,6-tri-C-methvigalactese (T 2 UL‘, 2380,

Fraztic: 3. Chremetography of thesyrup (282 mg) {7, +927 (¢ 10} in ealvents A, B, and
C} showed 2,3-di-0-methylarabinose and 2,4,6-tri-0-me ctose, and demethyliation gave
arabirose and galactose. The syrup (260 mg.) was frar
elution with water containing §--25¢; of othana! to give rure sampiss of Toth sugets auda
small amount of a mixture (24 mg.),  £5-Di-O-moethylr-anhiness T 101° \r -3,
was characterised by conversion into £ 2-Ji-O-mcthyl-L-arabonamile. m. p. an 1 wined oL
160—161°, 2,4,6-Tri-O-methyl-n-galactose (121 mg.), (xp 9007 (¢ 127, wrs characterised by

vnntod

conversion into the aniline derivative, m. p. and m!xcd m. p. 172 -173°.
Fractior: 4. The syrup (64 mgi), Rg 0-57, 0-5¢, ¢-42 and &, =777 (o O3, was separated on

- ¥ Smith, J., 1979, 744,

od by conversicn into 2,3-¢i-C-methyl-r-zrabonolac ..ore,'

w chiareeal-Celite by gradient
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I718 v s Aspinall and Baiize
:ﬁlter shééts with 'solvent C into fractions 4a (10 mg.;

ponents, R 0-54, 0-57, which were resolved by icnophorcesis on filter sheets. Both sugars gave
positive colour reactions with triphenyltetrazolium hydroxide (unsubstituted at C-2)." The

first sugar (19 mg.), Rg 0:64 and [, +14° (¢ 0-4), crystallised from acctone—water, had m. p. -
130--135°, and gave galactose on demethylation (Found: OMe, 26-0. Calc. for C,H,,0,:

Olle, 29-8%). The second sugar, Rq 0-57 and [ul, +-10° {¢ 0:5), crystallised from acetone
water, gave rhamnose on demethylsticn, and kad m. p. 113—115° and mixed m. P. with
4-O-methyl-L-rthamncse (m. p. 121—122°) 115—118°. ) o
Fraction 5. _ Chromatography cf the syrup (66 mg.), [od, +105° (¢ 1-4), showed 2,3-di-O0-
‘methylgalactose (g 0-46) as the main component with traces of 2,4-di-O-methylgalactose
(Rg 0-42} 2rd 2-O-methylarabinese (Bg 0-38). The main component {40 mg.) was separated
from the two minor components (9 mg.) by chromatography on filter sheets in solvent C. The

- sugar, Rg 0-47 and {o],, +81° {¢ 0-8), was coaverted into 2,3-di-O-methyl-N -phenyl-p-galactosyl-

amine, which was identified by m. p. 137—189° and by X-ray powder photograph.

Fyaction 6. Chromatography of the syrup (47 mg.), [elp +104° (¢ 1-1), showed 2-O-methyl.
arabinose (Rg 0-38} with some 2,4-di-O-methylgalactose (Rq  0-42). Demethylation gave
arabinose and a trace of galactose. The main portion (40 mg.) of the syrup was fractionated on
a filter sheet in solvent B, to give 2-O-methyl-L-arabinose (34 mg.) which was characterised by
conversion into the toluene-p-sulphonylhydrazone, m. p. 144—146° and mixed m. p. (with a
sample of m. p. 147-—148°) 145—148°, ) :

. Fraction 7. Chromatography of the syrup (81 mg.), [, +91° (¢ 1-8)', showed approximately -

equal amounts of 2-O-methylarabincse and 2,4-di-O-methylgalactose. Demethylation gave
arabinose and galactose. Chromatography of the periodate oxidation products showed
methoxyrmalondialdehyde (from 2-O-methylalduse) and unchanged 2,4-di-O-methylgalactose.
2,4-Di-O-methyl-p-galactose monohydrate, m. p. and mixed m. p- 98—909°, gradually separated
from the syrup. ) '
Fraction 8. The sugar (121 mg.), Rg 0-41 and fal; +84° (¢ 1-2), which contained a trace of
contaminating 2-O-methylarabinose (R 0-38), was recrystallised from acetone containing 19,
of water to give 2,4-di-O-methyl-p-galactose monohydrate, m. p. and mixed m. p. 101—102°,
fdp +120° —» +-83° (c 0-7) (aniline derivative, m. p. and mixed m. p. 210°). R
Fraction 9. Chromatography of the syrup (40 mg.}, ], +83° (¢ 0-8), showed 2,4-di-O
.methylgalactose (R 0-41) and 3-O-methylarabinese (ftg 0:32). Demethylation gave gulactose
and arabinose. Chromatography of the periodate oxidation products showed a main component
(Rp 0-72, grey stain with aniline oxalate) and a trace of methoxymalondialdehyde (Rp 0-24)
characteristic' of the products from a 3-O-methylpentose, and unchanged 2,4-di-O-methyl
galactose, " \ :
Fraction 10. The chromatographically pure sugar (288 mg.), Rg 0-32 and [y +113°
(¢ 2-2}, gave arabinose on demethylation and was characterised as 3-O-methyl-L-arabinose by

- conversion into 3-O-methyl-L-arabonolactone, m. p. 76—77° and mixed m. p. (with sample,

m. p. 75—177°) 75—76°.

Fraction 11.  The sugar (256 mg.), R 0-20 and {oip, +82° (¢ 2:0), which contained a trace of

contaminating arabinose (Rg.0-21), recrystallised from ethanol-water to give 2-O-methyl-p-
galactose, m. p. and mixed m. p. 145—146°, [olp +55° —» +84° (¢ 1-9). :
Fraction 12. Chromatography of the syrup (506 mg.), [, +82° (¢ 2-1), showed arabinose
(Rg 0-21), galactose (Rg 0-14), and methylated uronic acids (Rg 0-31 and 0:07). The syrup
was separated on filter sheets in solvent E into fractions 12a (240 mg.), 120 (25 mg.), 12¢ (17 mg.),

and 124 (52 mg.). Fraction 124 was L-arabinose, m. p- and mixed m. p. 158—159°, [,

+160° — +-104° (¢ 1-4) (toluene-p-sulphonylhydrazone, m. p. and mixed m. p. 154—155°).
Fraction 12b was p-galactose, m. p. and mixed m. p. 166—167°, [o)p +140° —~ +80° (c 1-2)
(mucic acid, m. p. and mixed m. p. 210—211°). Fractions 12¢ and 12d were combined with -
fractions 13a and 13b for further examination.

- Fraction 13. The syrup (101 mg.; eluted from Amberlite resin IR-45) contained methylated
- uronic acids (R; 0-31 and 0-07) and neutral sugars which had been retainad by the resin.
i;\'eutral sugars were separated from the barium salts of the acids by extraction with boiling
jacetone. The acids were released zfter removal of barium ions on Amberlite resin IR-120(H),
{ and fractionation on filter sheets in solvent E gave fractions 13a (13 mg.) and 13 (28 mg.)-
: The combined fyactions 12¢ and 13s were converted into methyl, ester methyl. glycosidCS,:

|

2.4-di0-methylgalactose), 4b- (7 ritg,;
~ 2-0-methylarabinose), and 4¢ {40 mg.). Fraction 4, {el;, +20° (¢ 0-8), contained two com-
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reduced with lithium aluminium hydride in tetrahydrofu

(10 mg.), [y -+115° (¢ 1-0), R 0-72, which crystaliised from ethanol to give 2,5,4-tri-O-methyl-.

. ,p-galactose, m. p. and mixed m. p. §0-—S51°, %, +14

. fractions 124 and 13b similariy afiorded 2,3-di-O-meth

Lrary £4.

U8
ran, and hydrolysed to furnish a syTup

T 3= —~1iZL" {¢ 1'l;. 7The comibined
yl-p-galactese (41 mg.), k. 049, 2y

"4-85° {¢ 0:9), which was characterised as the aniline derivative, idestified Ly m. p. 133—135°
and X-ray powder photograph. .

Partial Acid Hydrolysis of Arvabinogalacian (with R. N. FRASER and R. STIRLING}.-—Ar2bino-
galactan (0-25 g.) was heated in U-1x-hvdrochleric ceid (25 ml) on the boiling-water bath.
Samples were withdrawn at intervels, Jdegraded polysaccharide was precipitated by the zddition
of ethanol (4 vol.), and the supernaiant l:quid was neutralised with Lmberlite resin IR-45!DH])
and concentrated. The soluble sugars and the hydrolysate from the degraded polysaccharide
were each examined chromatographically. The results showed that arabinose was rapidly
released together with small amcunts of galactose and traces of rhamnose. After 22 hr. the
degraded polysaccharide gave mainly galactose and only traces of arzbinsse on bydrolysis.
Under the same .conditions arabincgclactan (7 g.) furnished degraded galactan (I-1 g.).
Degraded galactan (1-0 g.) was methylated with methyl sulphate and sodium hydroxide, to
give partially metkylated galactan (0-55 g.), which swas further meéthylated with methyl iodide
and silver oxide to give methylated galactan (ca. 200 mg:), [2lp -+26° (¢ 0-47 in CHCL,) {Found:

. OMe, 45-5%). Chromatography of ihe hydrolysate from the methylated galacton in solvent
A indicated tetra- (medium), tri- (strong), and di-G-methvlgalactose (weak). DMethylated
galactan was heated with methanolic 49, hydrogen chicride in a sealed tube for 18 br., tke
cooled solution was neutralised with silver carbonate, filtered, and concentrated, and the

resulting syrup was cxamined by gus chromatography on columns b and ¢, Table 1 shows the.

relative retention times (T) of methyl giycosides of methylated sugars which were indicated.

. TasLE 1. R
Examination of methanolysis products from metaylated degraded galactan by gas
- . chromatography. .,
' Relative retention times
':52:3: (7)) of methyl giycosides
Sugar propns. Column b Column ¢
2,3,4,6-Tetra-O-methylgalactose + 4 1-80 . +53, {1-61)
2,3,4-Tri-O-methivigalactose + N 53 . 2-89
; Jqealactos -25, 3-93 (1 211
2,3,6~Tn-0-‘mcth)laalacto;e + { (4-301 (475} { 2:22, 12:48)
2,4,6-Tri-O-methylgalactose s 4-19, (4-75) {2-11), 2-33
2,4-Di-O-methyigalactose .......oovvviviiniinannnins [ Y 3-74, 444 -

Arabinogalactan {(0-1 g.} was heated in 0-5x-sulphuric acid (10 ml.) on the boiling-water bath
for 1hr. Thecooled solution was neutralised with barium carbonate, filtered, and concentrated.
The resulting syrup was eluted from charecal-Celite {1: 1; 10 g.) with water (200 ml} and with
Wwater containing 109, of ethanol (250 ml). Chromategrazhy of the latter elvant showed
disaccharides with the mobilities of 6- (major product) and 3-0-3-p-galactopyrarosyl-p-
galactose, and a third disaccharide {possibly a 1,4-linized galactobiose in traze amounts).

Degraded Avabisiogalactans o1, B, and C.—Arabinogalactan {17 g.) was oxidised with 0-Inm-

sodium metaperiodate (2:445 1) for 30 hr. (uptake of reagent was constant and cerresponded to
the consumption of 0-58 mole of reagent with the release of 0-04 mole of titratible acid per:
Ssugar residue), and the excess of reagent was destroyed by addition of ethylane giyeo! (17 g
The solution was passed through Amberlite resin IR-120{H) to reniove sodium icns, and icdic
acid was neutralised with barium hydroxide. The 1iltered sclution was treated with potassium
borohydride (14 g) for 24 hr., the excess of which was then destroved. Potassium ions were
Temoved by Amberlite resin IR-120(F), and the solution was concentrated, methanel being
added to facilitate removal of boric acid as methvl borate. The concentrated solution was
‘made ¥ with respect to sulphuric acid and left at room temperature for 3 hr.  The resulting
_Solution was neutralised with barium hydroxide, barium sulphate was removed ..t the centrifuge,
and degraded arabinogalactan A (7 g.), [y —21° (¢ 1-3), was precipitated by the addition of
ethanol (4 vol). Hyvdrolysis of dégraded arabinogalactan A gave arabinose and galactose in
the approximate proportions of 2-5: 1, and traces of rhamnose. Concentraticn of the mother-
ﬂj'}nor from tke precipitation gave a syrup which was shown by chrematography to contain

N * y
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glycerol as the main component together with two non-redvcirg substrnees, B, apinczs 1
0:93 (tracss only). - These mincr<omnonsnts were v r‘l:ab v "‘yc*‘*c' ',‘y-"‘*zrl
geloctoss since hydrolysis of thz oyru gave o hin

Degraded arabincpalactan A. °
metaperjodate (0-52 mols ¢l ronem-e

cid per sugar resi
K-sulpburic ac:d, to {urnish de
which gave arzbinc:? and go!
rthamnose. In ¢ forther degrade
periodate were ceastmed per £ugan ris

ve), reduciicn

1720

1-10 and
of arabinose and

N 4
lendeea
s LIU2.

::1'1 ticn wiLh sodiLm

siz wilh cold

D), I 0-9j, Liydrotysis of
ro*o*"o"" ci 1611, and 2 trace of
bl .c,';:‘:c“.a B (0-75 g.} (0-61 mole of
4 degraded arabinogaiactan C (035 g.)

2}
3

id

[, +48° (¢ 2-1}, hydrolysis ¢ which ga ¢ arabincis and galactose in approximately equi-

molecular preporticns.
. Analysis of Cleavage Producls f.

e

* Preserit as metiiyl ester.

incompletely resclved.

ut Melhylated Avabinogalacia:

and Jlfethylaleé Arabino-

galastans A and Z.- Mct“y;.:t:\l cizbinggalaetan was heated with methanolie 49, hydrogen
chloride in 2 seeled tubs for 13 Iz, the coclcd soluticn was neutralised with silver carbonate,
filtered, 2nd concentrated, and 11: resulting syrup vas examined by gas chromatography on
columns b and ¢. Tc.'.:‘.e 2 skevws t:: relative r te:x‘..cn times (T) of methyl glycosides of
methylated sugars which had beon choracteriszd previousiy by the formation of crystailine
derivatives. : :
. ) Taprz 2.
. Examination of metharclysis products from methylated arabinogalactan by gas
chromatograpiy. i e -
Relztive retention tiines (T) of
methyl glycosides
) Sugar Column & Colummn ¢
2,3,5-Tri-O-methylarabinose . 0-36, 0-72 0-46, (0-59)
i-O-methvlareSirose 1-56, 17 0-G4, (0-84)
2,3-Di-O-mcthylarebinose oo, ST { (189} { 0-96
2,5-Di-O-methylarabinose .. 1-89, 3-45 0-69, 1-02 : :
3,5-Di-O-methylarakinose . 1-06, £-54 (0-59) (0:84) :
2-C-Methviarabinese ..... . G-10 (1-04) (1- -:7)
8-0-Metiviarabinoss ................ Ceetseanaes 4-34, 696 1-27, (l .), 1-590
.2,4,6-Tri-O-mmethylgalactose .......... eereaes s 415, 47 2035, &
2,3-Di-0-methylgaiactose { 247, 5 l"’
¥ S€ e tenesinaes (3_71) (4 "0)
2,4-Di-O-methylgalactosz ............ (3-71) 4-41
2 3-Di- O‘meth' lgolactureonic acid # 5-30 210

Figures in parentheses indiczte T values of components which were
h

\

TapLe 3.

Examination of cleavage products from methylated arabinogalactans.

Methylated Methylated degraded Methviated degraded
Sugar arabinogaiact.n arabinogulactan A arabinogalactan B

2,3,5-Tri-G-methylaratincse  ...... + 444 +++ ++ 4+
2,3-Di-O-methylarabinose ... ++ + 4+ + 4
2,5-Di-0- mﬂthvlaraumosc + + +
3,6-Di-0O-methviarabinose cereen E + +
2-0- .\Yetnylambmose + -+ + tr.
3-O-Methylarabinose + 4 + + .

arabinaose + 4+ + tr.
2,4,6-Tri-O-methylgalactose......... B + 4+ ++
2,3,4-Tri-O-methyigulactose. ++ ++ .
2,4-Di-0- metn"lﬂahctuse crevennrenns ++ + 4 ++
2-0-)Methyl ga.lactosc .................. + + + 4 + 4

galactose .....ceeiinin.. Trace Trace Trace

Methylated degraded arabinogalactans A (Found: OlNMe, 40-3%) and D (Found: OMe,

41-0%) were prerarul by treztment of
sulphate and sodium hydroxide. o1l me

the parent polys‘.ccharu."s {ca. 0°5 g.) with methyl
cthiyl icdide and silver oxice.

The cleavage products from meiliyiated degraded ar \bmoga.actms wara similarly examired
by (a) paper chromeatography of the hydrolysiizs in colvents A, B, C, and D, and () r73
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chrematography of the methyl glycosices formed on rcthansiysis orn columns basd ¢, Table 3
indicates the relative proportions of the cleavage products from the varicus methviated
arabinogalactais.
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IDENTIFICATION BY PAPER CHROMATOGRAPHY
OF SWELLING AGENTS IN FOODSTUFFS

Testing for swelling agents or thickeners in pure form
presents no difficulties. A compilation by Letzig (1) lists a
number of precipitating reactions which permit distinguishing
between the several thickeners in simple manner. However; these
compounds seldom exist in such pure form that the use of such
precipitating reactions, presented in synoptic form, permits non-
ambiguous conclusions. Even the occurrence of two different
swelling agents simultaneously can make a clear identification
difficult; when there are more than two, this is true even more
so. However, not only a mixture of these substances complicates
the tests but also the presénce of other compounds among which
the proteins are predominant. Letzig's reagents are mainly
proteih precipitants so that precipitation will always occur in
the presence of proteins. It is easy, of course, to determine the
presence of proteins but this does not yet allow us to decide
whether, in the absence of proteins, precipitation will have been
due to thickeners. Prior to testing, proteins must therefore be
removed and Wyler (2) has already described a possibility for this,

specifically for meat products. This suggested removal of proteins

*" with the aid of Carrez precipitation is so thorough, however, that

not only are many swelling agents precipitated for which we must
thus test prior to precipitation but the possibility of identifying
those still remaining in solution is also restricted to a very ‘
few. A method of complete removal of proteins without interfering.
with subsequent testing and identification of swelling agents is

not yet known so that the Letzig reagents in practice unfortunately
have only a limited importance. As seductive as such tests are in

their simplicity, they alone very rarely furnish non-ambiguous

-1 =



indications of the kind of thé swelling agents present. There
is a possibility of precipitating the proteins with alcohol
which can subsequently be easily evaporated (e.g. in vacuum)
but this has the disadvantage that the proteins are not always
completely eliminated and that some thickeners, specifically
carob-seed flour, are also precipitated.

These disadvantages raise the question of different testing
methods and Letzig already indicates in the report cited that
the application of paper chromatography promises success. Since
most thickeners are constituted by carbohydrates, no difficulties
exist from the point of view bf paper chromatography; it is
merely necessary to covnvert the test substance into a form suit-
able for paper-chromatographic testing. It may happen, however,
that with several swelling agents present, a non-ambiguous
conclusion on the kind of the individual substances is not possible
since a number of thickeners have a similar composition and/or
furnish similar cleavage products after hydrolysis. In that case,
however, a .combination with the precipitating reagents of Letzig
would permit us to continue further since the decision will lie
between the few still possible thickeners. Whereas the proteins
do not interfere with such paper-chromatographic tests, we must
first test for the presence of carbohydrates not originating
from swelling agents. Admixtures of simple sugars easily deter-
mintedbwith the aid of paper chromatography, can generally be
removed by extracation with 50-% alcohol which does not affect
the swelling agents. It is sufficient to let the substance
stand with the alcohol for several hours under occasional
shaking. The extract and/or the filtrate can serve to test
for sugar (3) whereas the thickeners can be determined from
the residue.

Hydrolysis of Swelling Agents

Since thickeners do not directly respond to paper chroma-
tography, it is necessary to convert them to a form which is
accessible to this method of testing. Among the possibilities

of hydrolytic cleavage, that using enzymes is excluded and,



since carbohydrates are involved, acid hydrolysis is indicated
primarily in order to prevent decomposition of cleavage products.
The following conditions have been shown to be suitable and
-have been steadily employed for some time:

10 g of pure swelling agent and/or test substance are
diluted with 50 ml of water and 50 ml of a 10-% sulphuric acid
solution. If the mixture is too thick so that the retort may
burst under direct heating, it should be placed in a hot water
bath for a short time. When fluid, the solution is boiled in a
reflux condenser where duration is a function of the kind of
the probable thickeners since each substance is hydrolyzed at .
different rates of speed. If no indication of the type of
swelling agent exists, the solution is kept at boiling temperature
for three hours. It can then be directly chromatographed.
However, it is preferable to concentrate if there is only a
small amount of test substance; sulphuric acid also interferes
somewhat, specifically with uronic acids, so that it is preferable
to remove the former. For this purpose, 30 g barium hydroxide
(with 8 mol water) are dissolved in 100 ml of water under heating-
and dripped, under constant shaking, through a filter into the
hot hydrolytic solution until the latter reaches a Py, of 7.

With these generally known conditions for removal of the sulphuric
acid, it is easy to adjust the pﬂ—value as above by spotting
Merck indicator paper. The precipitated barium sulphate can be
rapidly filtered out, atter settling, through a standard filter.
Since only small amounts are required, it is sufficient if a
part of the filtrate is processed further. This part is con-
centrated under vacuum to 50% and thus reaches again the starting
concentration. If only small amounts of swelling agent are.
available, these can be further concentrated as desired. This
solution is now suitable for paper chromatography. It is not

at all necessary to keep within the quantitative relations
indicated above and they can all be reduced correspondingly
which is of value when only small amounts of test substance’

are available. ’
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Paper-Chromatographic Conditions

Paper chromatography always takes place under the conditioné
already described earlier (3 & 4). The fluxing agent is n-butanol/
pyridine/water (3:2:1.5) and staining is done with phtaleic acid/
aniline and/or naphthoresorcinol/trichloroacetic acid. The last~-
named staining for non-reducing sugars plays a subordinate role
in this connection. The chromatograms thus obtained with the
ascendlng method are shown in the figure at the end of the
article. The parallel obtained test solutions permit non—ambiguods‘
identification so that even closely adjacent spots cannot be con-
fused with each other which may easily occur when working exclu-
sively with Rf-values.

Evaluation

Fig. 1 shows two chromatograms of some frequently occurring
swelling agents. It will be clearly seen that, after hydrolysis
of carob-seed flour, only the spots of galactose and mannose
appear. Although mannose is nearly equal in Re-value to mannose,
it can be distinguished from the reddish arabinose by its brown
color tone but these colors cannot be recognized in a black-and-
white photo. "With agar-agar, only galactose is clearly seen
whereas xylose is manifested only as a weak spot. Gum arabic
shows galactose in addition to arabinose and rhamnose. Although
rhamnose is recognized only vaguely, it is characteristic since
it is only infrequently found in thickeners. In the sample
examined by us, there occurs further a spot immediately below
the starting point which we were never able to identify. Pectin
shows mainly the spot of uronic acid which can be recognized from
the typical light-brown color after staining with phthalate/
aniline as well as by staining with naphthoresorcinol/trichloro-
acetate when it turns slightly blue after some time (cf. 3 for
details). We know that this involves galacturonic acid which
paper chromatography cannot demonstrate since sufficient separation
from glucuronic acid does not take place. The Rf—values of the
two uronic acids do differ slightly and we might therefore assume
that differentiation would be possible after sufficient time.
Here we must take into account that the Rf-values of the two
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acids are to a considerable extent a function of the concentration
of these acids and of the kind of an eventually existing cation.
Somethihg similar has already been shown for some other organic
acids (5). The variations so caused are greater, however, than
the difference between the two Rf-values. In addition to the
spot of galacturonic acid, a weak spot of glucose also occurs
with pectin. It must be remembered further that a duration of
hydrolysis of three hours must be strictly kept, in contrast to
most other swelling agents. Whereas a duration of hydrolysis of
one to two hours generally produces complete cleavage in the
latter, galacturonic acid in pectin shows only weakly after one
hour but increases with continued hydrolysis. Tragacanth gum
shows the spots of galactose, arabinose and xylose. Comparison
with the test solutions which were run parallel on the left
chromatogram, makes possible rapid identification of the
individual spots. The first test solution on the left shows the
upper spot as galactose and the lower spot as mannose; the second
test solution indicates the upper spot as arabinose and the lower
as rhamnose. We already mentioned that arabinose and mannose
cannot be differentiated in the figure since it is not possible
to see the differences in color. The chromatogram makes it
impossible to mix up the red color of arabinose with the brown
color of mannose. The last test solution shows galacturonic acid
at the top and, below this, xylose.

The chromatogram on the right of the figure shows "tylose"
(methyl cellulose) on the left side which shows as expected the
spot of glucose and below this non-hydrolyzed methylated glucoses.
The occurrence of these methylated glucoses was in several
preparations and appears to be characteristic for most of the
tylose preparations. It is possible, however, that this is a
function of manufacture and that these spots may therefore be
absent some times. The adjacent cellulose glycolate also shows
the spot of glucose and, in the upper part of the chromatogram,
two and occasionally three unidentified spots which always have
a characteristic semilunar form. Alginate exhibits only the

spot of a uronic acid. The adjacent test solutions show in the
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first case from top to bottom the spots of lactose, maltose
and glucose whereas glucuronic acid is shown on the left. _

When several thickeners are present,.identification on
the basis of the chromatogram can become difficult. It then
seems preferable to make identification less through the spots
that do show but initially through those absent. The absence
of uronic acid permits a definite conclusion that neither
pectin nor alginate exist. However, we believe sufficient
concentration of the hydrolyzed solution must be made in order
to avoid that a uronic acid does not show by reason of excessive
dilution. The absence of galactose excludes the presence of
carob-seed flour, agar—-agar, gum arabic and tragacanth. Absence
of glucose means that neither tylose nor cellulose glycolate,
generally also no pectin and obviously no swelling starch can
be present. Lack of mannose would exclude carob-seed flour
and that of arabinose would eliminate gum arabic and tragacanth.
Here we must take into account, however, that the presence of
one of the two last—named.spots does not permit a conclusion on
the absence of the other since a possible superposition may
exist which does not allow this.

With this method of selection, most of the known swelling
agents can casily be excluded so that we do obtain in general a
non-ambiguous picture of the composition of the mixture of
swelling agents. Where in complicated cases several interpreta-
tions are possible, we can turn to the precipitating reactions
Letzig mentioned above for clarification of any remaining
doubts, in spite of the interferences indicated. When direct
interpretation is not possible, the method of selection has
proved itself also for the Letzig reactions. In most cases,
however, paper chromatography should be sufficient or at least
give decisive indications. As in most investigative methods,

a certain intuitive judgment will develop with practice.

As described, such testing for swelling agents is obviously
restricted only to those whose composition includes carbohydrates.
Although these represent the greater number, this does not allow

us to neglect others, e.g., gelatine. Testing for such substances
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by specific paper chromatography would evidently have to be
carried out from other viewpoints.

Conclusion

1. The precipitating reactions in testing for swelling
agents are excellent for pure compounds but rarely furnish
non-ambiguous findings for mixtures and in the presence of
other substances, e.g. proteins.

2. Since most of the swelling agents are constituted by
carbohydrates, paper chromatography of the sugars and/or sucroid
compounds offers the possibility of identifying swelling agents
by hydrolytic cleavaqe.l .

3. Hydrolysis is made with sulphuric acid and boiling at
an average duration of 3 hours. After removal of sulphuric
acid by barium hydroxide and concentration of. the clear filtrate
under vacuum, the test is made with a method described in an
earlier communication.

4, Evaluation is best made by a method of selection in
which all éwelliné agents are excluded which cannot exist due
to the absence of a spot. However, it is necessary to take

into account the ratios of concentration.
1 23 4%+ 5 6 7 8- 9 10 N1 12 13

Q Abb. 1. Mit Schicefele@ure hydrolysierte Quellstoffe und entapre.
. . chende  TestiGswngen.  FlicCimittel: n-Batanol, Py ridin/ Was<er
(3:2:1,5), Fiirbung: Phthalsiurc/Auilin, Linkes  CAromato-

gramm: (von links) 1 Jolannisbrotkernmehl, 2 Agar-Agar,

3 Guinunk-arableum, ¢ Pektin, 3 Tracanth. Testhisungen: 6 Galake

tose + Mannose, 7 Arahinose + Rhamnose, § Galakturon~iure

+ Xylose, ftechtes Chromatogramm: (von links) 9 Tvlose, 19 Cellu-

loscgiykolat, 21 Alulr:a:. Testlosungen: J2 Lactose -+ Maltnse +
[H H i

1
o IUCUs

L :_ ---r';

'Y

Fig. 1 - Chromatogram of swelling agents hydrolyzed

with sulphuric acid and the resulting test solutions.
Fluxing agent: n-butanol/pyridine/water (3:2:1.5).
Staining: Phthaleic acid/aniline. Left side: 1=
carob-seced flour; 2 = agar-agar; 3 = gum arabic;
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4 = pectin; 5 = tragacanth; test solutions: 6 =
galactose + mannose; 7 = arabinose + rhamnose;

8 = galacturonic acid + xylose. Right side: 9 =
tylose; 10 = cellulose glycolate; 1I = alginate;
test solutions: 12 = lactose + maltose + glucose;
13 = glucuronic acid.
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b ALLT‘I‘GX ("S’l‘H\L\ y TO INGLESTLD QUM TRAGACANTIL -
SN e . | A C'agE LErort? 7 .
EarL D. Browx, )I.D;, ANDp Scyaoun DL Chmiis, M.D., New Yok, N. Y.

LLERGIES. due to gums are being xeporled with inereasing fxequencv
The.various gums have a widesproad use ia daily life. Guam: acacia given

" intravenously was tried oui as a blocd substiitte, but had to be 1'c30ctcd on

account of the trequencv of sensitizaticns following its use.! Karaya gum is
used hy prultexs 's o drver oend has Leen reporied as an occupational hazard.®
Individnals working in factorics wheit eums are inhcled have developed asthma
and pex'ennvﬂl rhinitis® 3 4 & ¢ Lv..Ll sourees of costaet Lhave been wave sefs,
toothpastes, dental adhesive, candy flles. lee eream, s szlad dressings, emulsions,
pills, lotions, and catharlies.® Dermatitis frein contaut and gustromtestuml
distress from ingestion have heen recorded.™ *

In the various reports or. gims, acucx.., karora gum, and trazacanth have
been the three most commen aller
using five gums in routine tezting. These woTe caua, ghatli, laraya, troga-
canth and guince seed. Of 150 cases routinely tested in his allergy elinie, Y5
reacted to one cr more gums. Some of the authicrs repm-tmw cases of qensmv ty
to gums have Lad success with: the passive transier test.h %~

CASE REPORT

A white male (M D), aged 33 years, was first seen in our clinic in ]94(1 with a
listory of sneezing and rhinorrhea from -\p il through Octuber, Aspirin and coal-lur drugs
were said to have caused uriicarisz azil riine . three to four hours after ingestion. The
patxent had had excessive corimet with gum tragneantih from 1924 to 1927 when he wirkeld
in a candy manufacturing establishment.  Intindermal skin tests on admission were posi-
.tive to trees, grusses, and ragweed pollen cxiracts. Tie patient was treated perenminlly with
imoderate relief of symptoms. Xe took treatment pooriy and had frequent constitutional .
‘reactions, :

i On April 22, 1946, the patient was given 50 my. tablets of py ribenzaminet” three times

a2 day. This resulted in murked ablevistion of =2 :zmg and rhinorriier, but toward the

‘end of the week he developed heuvy Lreathing and omitted the drag. On May 6, 1946, ke .

wie given pyribenzamine placebost  After tuking four tablets there was a return of sneez-
ing and he stopred the medieation.. On Muay 2, 1946, he was agnin given ilie plucebo
_pills, and four lLours after tuking once pill he d\..uouc.l esthma.  The following day he
took another placebo, and in four hours he had asthma wid urticaria,  Ife received no
. further medication until June 17, wien he was given 3u mg. of benadryl which relieved
his rhinorrhea but cuused marked drowsiness. On Septenber 9, he was ayain given pyriben-
zamine. Ve took 50 my. on arising und 30 mg after lench; three to four hours after the
last pili he deseloped severe nathma but no vriicaria. Concomitantly there was about §0
per cent relief from rhinitis,  The asthma persizted for thirgysix hours.

" One 50 wy placebo tablet was dissolvert in 10 ce. of saline.  An intracutaneous test
with 6.u5 ce. of the solution showed a moderate ju-nl reaction. Kight minutes after the
test there was geseralized urticarin.  The placebo tablet contained taleum, laetose, mineral
centh,  Seratel tests with these materials .were all

0‘1 maaguesium steurate, and gum tries

gegative except for gum tragueenlh which gove noomederate reaction,  Sorateh test with

J per vent kurayn gum alse gave o modgrate revction
L From: The Department of Albergy, The Roosevelt Hospital, New York City, N. Y
" tFuruisled Ly Ciba Cf»
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. BROWN AND CREPEA:

On Oct. 14, 1946 blood wns {auken for pussive transfer, and the following dilution and
nestralization tests were carriéd cut.

. It.can be seen from the above tubles that gum trugacanth was the d-n.uu.u.t .mngeu
among the three gums tested.

R : TabLe I.

INGESTED GUM TRAGACANTH 215,

DiLeTioN TESTS® .
. SITE3 TESTEL WITH 0.1 ¢.C. oF
.~ SERUM : :
$¢MD”!? 1 PER CENT ACACIA 1 PEL CENT KARAYA 1 PER CENT TRAGACANTII
Cone. slight slight moderate
1:10 negative negative moderate
1:100 negative negative slight

*Three sites of

0.1 c.c. of “MD" serum in each of the noted dilutions werc made on

.the back of a nonallergic test suhjut
‘of the threc gums and with the resuits recorded above.

.TasrLe 1L

Euch seriex of serum dilutions were ested with one

NEUTRALIZATION TESTS'

SERUM ‘¢NMD??

SITES TEsTED WITH 0.1 ¢.C. oF

MIXED WITH EQUAL
* PARTS OF

1 PER CENT ACACIA | 1 PEQ CENT KARAYL | 1 PER CENT TRAGACANT

1 per cent acacia negative very slight moderate
1 per cent karaya negative negative moderate
1 per cent fraga.mnth negutive negative very slight

¢¥Xqual parts of “MD’” serum and 1 per cent solution of each of thde three gums were

separately mixed, and three sites of 0.1 c.c. of earh mixture were made in the back of a non--

allergic test subjeet. Each =eries of sites was tested with one of the gums. furty- e.ght hours
later with the resuits as recorded above.

- _ COMMENT )

A ease of asthma and urticaria due to gum tragacanth is présented. The
antigen was taken orally as a part of a tablet. The patient had several other
allerww manifestations, but asthima had never been noted until the treatment
“with pyribenzamine containing eum trogacanih as an exeipiont was civen. Luth
50 mg. tablet of pyribenzamine and the placeh r~ont.m< 0.005 Gm. of gum
tragacanth. Apparently very small mnmmt\ f this material are capable of
eausing severe sympioms. Tt is also of interest ’\“s.t the com‘.‘,zna ion of prriben-
zamine and gum tracacanth rv]io'.'m'x the syny ptoms of sneezing and rhinorrhea
but not those of asthma,

In view of the wide usage of ithe varions gums. these allergens should be
used more often in routine testing.  Althengh evass vegetions botween the oums
may occur, some patients reaet o only one or two.™ Tt s alse sugeested that
before aseribing sensitivity reaetions 1o the main ingredient of a medieation.
the other constituents also shouid be investieated.
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~ ldentification of Stahilizing Avent
R M. H. EWART AND R. A. CHAPMAN
Food and Drug Laboratories, Department of National Health and‘Welfa_re, Ottawca, Can.

XTENSIVE use of a variety of polysaccharides as stabiliz-
_4 ing or thickening agents in foods has created a nced for
analytical methods for the identification of commercially avail-
able materials and for their detection and quantitative estima-
tion in food products. A number of stabilizers, which are used
or have been suggested for use in foods, are listed and their chemi-
eul nature js indicated in Table I.  Throughout this report the
term “guins” is used in referring to all of these materials,  Gelatin
is included because it has many uses similar to those of the poly-
saccharides. :
As the initial step in a project concerned with the development

g | T 160

of the required analytical procedures, methods for the qualita® ™
identification of & number of gums have been studied. N7
procedures for the identification of gums are found in the b~
ture. A method described by Jacobs and Jaffe (15) clas™
the gums on the basis of physical characteristics or nppl‘-‘-"":
of precipitates and thus requires considerable experience +?
part of the analyst. Their outline does not include pect

stances, alginates, methylcellulose, carboxynletll_\'li'!‘3~'~‘ -
gum ghatti, starch, or gelatin. It alzo has the disadvants
using an unstable reagent (Millon’s) which must be fresh™
pared each day. A method developed by Cannon and a% "
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The present work was undertaken to develop a
wmethod for the identification of stabilizing and
thickening agents used in food products. The ma-
terials studied were peectin, de-esterified pectin,
slgin, Irish moss, gum tragacanth, gum karaya,
focust bean gum, starch, agar, gum arabic, gum
ghatti, carboxymethylcellulose, methyleellulose, and
gelatin, A proposed identification scheme is based
on precipitation reactions with calcium chloride,

sodium hydroxide, barium hydroxide, and lead ace-
tate. In addition, reactions of the stabilizing agents
with a cationic soap, ammonium sulfate, mercuric
nitrate, papain, and gelatin arclisted. The proposed
scheme should be useful for identification of un-
known stabilizing agents. A number of the reac-
tions reported might be employed for the identifica-
tion of individual stabilizing agents in mixtures of
these materials or isolated from foods.

a—

the Association of Official Agricultural Chemists (3, &) does
.« provide for the identification of pectic substances, alginates,

..thylecllulose, carboxymethylecliulose, locust bean (caroh)
a1, OF gUM ghatti. “Bryant (4) has described a procedure for
e.dinguishing between pectin and certain gums, but it does not

--povide for positive identification of the gums. A number of
“sher publications dealing with characteristic properties of these
whraccharides have been summarized by Mantell (16), but a
wolematic procedure is still needed for their identification. Such
s procedure would be useful for the identification of products
«wd as thickeners or stabilizers in foods, drugs, and cosmetics
o ultimately for the identification of polysaccharides isolated
‘rom these malerials.

Ja the present investigation, the manner in which the gums
sepersc in water after being wetted with alcohol has been a valua-
*% index to the identity of unknown samples. Their solubility
rroperties are summarized in Table II.  Use has also been made
. the fact that many of the polysaccharides occur as salts of
~mplex organic acids (Table I). The acidic properties may be
‘ue to the presence of uronic acid groups, as in gum arabic, or
to the unesterified portion of suliuric acid molecules esterified
sith the polysaccharide. When mincral acids are added to
vilicous solutions or dispersions of these salts, the effcetive con-
~entrations of the polysaccharide anions are decrcased. Thus,
slthough the complex anions may yield insoluble salts with heavy

Table I.

Source and Chemicnl Nature of Materials
Commonly Used as Thickening Agents in Foods
Principal Refer-
Materia! EBource Components ences
Pectic substances Fruits Galacturonic ecid (occurs (18)
as methyl ester)
Algin (sodium algi- Seawceds Mannuronic acid (N (16)
aate) salt)
Irish moss Beaweodn Galactose, galactose 4- (18)
sulfate (K and Ca salts)
Agar Scaweeds Galactose (p- and 1-), (I18)
galactose 6-sulfate (Ca
and Mg salts)
Tragacanth Plant gum 1-Fucose, p-xylose, galact-  (18)
uronic acid, L-arabi-
nose, b-galactose .
Methyleeliulose M;:diﬁed cellu-  Methyl-v-glucose 18)
os0 .
Starch Plants p-Glucose 18)
Carboxymethylcellu- Modificd cellu-  Carboxymethyl-p-glucose  (18)
lose lose
Locust bean gum Seed endo- AMannose and galaclose (18)
{carob gum) sperm . .
fiuar guin Seed endu- Munnose and galactose (20)
sperm
Karaya Plant gum CGalactose, ncctic acid,  (14)
gnlacturonic acid,
rhamnose, tagatose
Arubic (acacia) Plan\ guin p-Glucuronic acid, v-pa- (18
lactore,  L-aralinose,
rhamuose (mixed Ca, '
Mg. and K aalts)
Chaut Plant gumn 1-Arabinose, palacloze, (16"
ealacturonic acid (Ca
enlt)
T latin Modificd pro- Amino acids

tein

metal cations, most are not precipitated from acid solutions.
The amount the pll must be raised in order to precipitate the
heavy metal salts—e.g., barium, mereury, or lead—is frequently
characteristic of the individual polysaccharide.

EXPERIMENTAL

-

During the present investigation 0.5 to 1.0% aqueous dis-
persions of the polysaccharides were used for the tests. Ali-
quots of from 3 to § ml. were treated with varying concentrations
of the reagents which it was hoped would give characteristic
precipitation rcactions. Initially the reagents used were those
for which Jacobs and Jaffe (16) have described reactions with
several polysaccharides. Subsequently & number of other rea-’
gents were used.

Water of Gums, Wetted with
Alcohol

Manner of Diapersal in Water

Table II. Dispersion in

Gum

Pectic acid .
Pe:‘:lne (Ns, K, or NH¢
Pectate (Ca sslts)
M;itxlx:tc

Irish moss

Agar

Tragacanth
Methylccllulose

Starch *
Carboxymethyleellulose

Insoluble
Forma either clear or turbid solution on heating

Insoluble

Swells in cold water and dissolves on heating

Dissolves elowly in cold water or quickly on heat-
ing to formn viscous solution

Dissolves slowly in cold water, rapidly on heating
to form viscous solution

Swells in cold water, dissolves on heating, gels
on cooling

Bwclls to form viscous dispersion in cold or hot
water, but does not forin true solution

Dissolves slowly in cold water but becomes
cloudy or gels on heating

Disperses on heating

Dissolves slowly in cold water, rapidly on heatiog,

iving clear viscous solution with some fine
brous suspended material
Forms viscous suspension but not a true solution
Forms viscous suspension. [Insoluble pnrticles
settle on standing
Dissolves in cold water to form a clear only
alightly viscous solution

Locust {carob)
Karaya

Arabic (acacin)

Ghatti Dissolves to forin ulmost elear solution but sot e
insoluble material may remain as fine suspen-
sion

Gelatin Bwells in cold water and dissolves on heating

Reactions which were found useful for characterizing the gums
are summatrized in Tables 111 and IV. Only those materials hav-
ing anionic components, such as alginates, or potential anionic
components, such aspectin, give pronounced reactions with cationie
soap (Table I11). Asin the case of precipitates with heavy metals,
the precipitates with the cationic soap quickly disperse on acidi-
fication of the medium.: Ammonium sulfate is of interest, in
that it gives pronounced precipitation tests with several of the
gums but not with alginates, pectin, tragacanth, karaya, arabie,
or ghatti, each of which probably containg uronic acidcomponent -,
The reactions with Stokes’s acid mereurie nitrate illustrate ¢ e
cffeets of low pll on precipitation of heavy metal salts of the poly-
saccharide acids.  An excess of the remggent makes the <olutions
strougly acidic and thus the weakly dissociated acids vedisper-e
Alginic acid aud peetic acid are insoluble and thus are not dis-
solved by excess Stokes reagent.  Pupain and gelatin give pro-
nounced precipitation reactions only with those gums having
anionic components.  These precipitates are found only if the
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‘uble 1I. Precipitation Reactions of Polysaccharide Gumins and Gelatin

1 Vol 177

0.5 Vol. Saturated

Diluted® Stokes’s Acid

iVoI. 95% CellhiOHK

line medium (22)

Solutivn of Ammonium Mercurio Nitrate 1 Vol. 29 1 Vol. 29, 2-~3D Sat.
Gum Cationic Soap* Sullato Added Dropwise Papain (6)°= Gelatinl‘o urated &onp&\nt
De-esterificd pee- Fine oparnue precip- Gelatinous translu- Gels (almost opaque). Precipitats . Precipitate Gelati i
tin itate eent precipitato Insoluble in excess s » ‘:Ism(r;u:o;;se clpitate,
reagent . . .
Alginate Fine opaque precip- Nil Gels (alinost_opaque). Precipitate Precipitate Gelatinous precipitate
itate Insoluble ia excess vol.) rCOMmes
: reagent ' stringy with 4 vol,
. alcohol
Pectin Flocculent preeip- Nil Forms almost opaque Cloudy No definite Trunsparent gelatinons
itate gel which dissolvesin effept precipitate.  Gels (1
excess reagent vol.)
Irish mosa Stringy . or fluecu- telatinous precipi- Transparent gel. Re- Precipitate Precipitato Stri ipt
lent precipitate tats or gel dispersed by exceas P i ptin . Tiagy precipitate
' reagent
" Agar Gelatinous precipi- Flocculent precipi- Turbid or cloudy Cloudy Precipitate Fine flocculent precipi-
tate tate tato
Tragacanth Fine opaque precipi- Nil Flocculent precipitate. Precipitate Precipitate . Voluminous precipitate
tate Dissolves in excess jellytike *
* reagent
Methyleellulose Nil Precipitate Nil Nil Nil Nil
Starch Nit Precipitate Nil Nil Nil Opaque flocculent pre-
cipitate
Carboxymethyl- Gelatinous clotted - Gelatinous precipi- Precipitate dissolves in Precipitate Precipitate Voluminous elotted
cellulosc. precipitato tate excess reagent ' precipitate
Locust Nil Precipitate (volu- No pronounced effect No pronounced Nil Yoluminous  opaque
minous) effect stringy  precipitate,
forms clot
Karays Flocculent precipi- Nit Flocculent precipitate Precipitate Precipitate Flocculent precipitate
tate . dissol ves in excess re- discrete particles
agent .
Arabie (aeacia) Precipitate  (very Nil Flocculent precipitate Precipitate Precipitate Fine - opaque  nonset-
fine) diasolves in excess re- tling precipitate
ageat
Ghatti Fine precipitate Nil Nil Nil Precipitate Fine precipitate, non-
. scttling (2-3 vol.)
Celatin Precipitato in alka- Precipitate Nil Nil Nil Finely flocoulent pre.

eipitate, coagulatey

* Nodalon (utkyl dimethyl benzyl ammonjum chloride), Fairficld Laboratories, Plainfield, N. J. .
& Mereury ddissolved in twice its weight of concentrated nitrio acid and dilutod to 100 times its volume with distilled water.
¢ Precipitates with papain and gelatin are observed only in weakly acidie medium and most exhibit properties of coacervates rather than truo precipitates.

pll of the mixture is below the isoelectric point of the protein and
it is possible that they would be more correctly called coacervates,
They are usually dispersed by a few drops of mincral acid or of
dilute ammonium hydroxide.” The characteristic manner in
which some of the gums are precipitated by aleohol may also be of
value in their identification. . i

The reactions deseribed in Table IV form the basis of a pro-
posed procedure for the systematic identification of the gums,

REAGENTS

Calcium chloride (CaCl,), 3% solution (weight/volume). -

Ammonium, hydroxide, 3.0 N solution.

Sodium hydroxide, 3.0 N solution.

Barium hydroxide, saturated solution stored in a bottle
equipped with a siphon and a soda-lime tube.

** Basic lead acetate, 209, suspension (weight/volume), Heat to
boiling, cool, and use supernatant solution.

Hydrochloric acid (or other mineral acid), 3.0 N solution.

Mecthylene blue, 0.1 %, aqueous solution.

‘Tineture of iodine (U.S.P., 14).

Tadine-potassium iodide stock solution, containing 0.5% iodine
and 1.09% potissinm jodide.  Todine~potnssium iodide test solu-
tion, consisting of stock solution diluted 1 to 5.

Cupric sulfate (CuS0,. 511,0), 15% solution (weight/volume).

Borax (N::3,0:.10H,0), 49 solution.

Rutheninm red test solution (3).

Picrie acid, saturated aqueous solution.

IDENTIFICATION PROCEDURE -

Wet 4 0.23- to 0.5-gram sample of the matcrial to be identified
with [ to 2 ml. of 959 alcohol and add 50 ml. of distilled water.
Suspeud the solid materinl in the water by shaking or stirring,
Heat the suspenxion, with frequent shaking, on a hot plate or over
a burner.  If the sample dissolves, discontinue heating inmedi-
ately; otherwise hold at 85° to 95° C. for 15 minutes.

Group A. [. T'reat a 3- to 5-ml. aliquot of the solution with
0.2 volune: of 0.25 M ealeium chloride. A gelatinous precipitate
or gzel indicates alginates or de-esterified pectin.

If no reaction is apparent with ealcium chloride alone, add 1 vol-

ume of 3 N ammonium hydroxide to the caleium chloride treated
sample. Slow formation of a gel or gelatinous precipitate indi-
cates pectin.

II. " If either test in A I was positive, mix a fresh 3- to 5-ml,
aliquot of sample with 1 volume of 3.0 N sodium hydroxide. Ob-
serve the reaction and then heat the mixture in 2 boiling water
bath for 10 minutes.

Immediate formation, in the cold, of a gelatinous or flocculent
precipitate indicates either pectin or de-esterified pectin, No pre-
cipitate indicates aliginates. All three mixtures hecome _\_’ﬂho\r
3{1 himting, but the precipitates with pectic substances do not

issolve. : .

Group B. If the material is not an, alginate or a pectic sub-
stance, carry out the following tests.

L. Mix a 3- to 5- ml. sliquot of the sample with 0.1 volume of
saturated barium hydroxide. Observe in the cold and heat i
boiling water bath for 10 minutes. .

Formation in the cold of a nonsettling, almost opaque, gelati-
nous precipitate indicates Irish moss. Carry out contirmatory
test for Irish moss.

A small amount of floceulent precipitate or cloudiness in the
cold and a definite lemon yellow color on heating identify gum
tragacanth.

Color changing during heating to yellow, then to green, and
finally to gray indicates agar. Carry out confirmatory test for

ar.

a.g" the mixture becomes cloudy or forms a gel on heating, but
becomes clear on cooling, methylcellulose is indicated. Carry out
confirmatory test for methyleethulose.

An opaque flocculent precipitate which may tend to redispene
on heating and reprecipitate on cooling indicates starch. Casy
out conlirmatory test for starch, .

Precipitates which disappear when the barium hydroside ¥
thoroughly mixed with the sample may be disregarded at thiv

point.

IT. If the material has not been identified, mix a frosh 3- to ¥
ml. aliquot of sample with | volume of saturated barinm hydru\;
ide. Observe whether there is an immediate precipitation sw
examine again after standing 5 minutes at room temnperature.



Table IV. Precipitation Reactions Used as Basis of Proposed Procedure for Identification of Gums

(Reactions used as identification tests within heavy lines)

1/ Vol. 2.5%, 1/10 Vol. Saturated Ba(OH): ’
1/ Vel, CaCly + ifs Vol. . 1 Vel 1 Vol. Satu-
Gum 255 Cact TN NHOH 3 N NaOH Cold Heated rated Ba(OH):
DA RIPE e b W WL I e ¥ 8P D  Fee et 2 Ay R e

. Basic Lead Ace-
yu Vol, Baslo tate <+ ;{- Vol,
oad Acetate 3V NHOH

i }Gelati t. o Gielatinous or floc-BGel or gelatinous Ppt. and soln, turn  As for 1/1a vol, Gels As for lead acetate
Dot-i;utenﬁed peo ’ Jezl:lt fnous ppt. or ’culent ppt., yel-|  ppt. yellow - . alone
) low color onfl .
_ heating i
: B s tati .JGel or gelatinous Ppt. and soln, turn As for 1/ vol. Gols Ab for lead acetate
:Un.nnu ; (;eg:itmom ppt. or c1::rhz:|‘1i:: soln - Ry e .  for |
H Gelatinous ppt. Gelatinous or floc-J§Gel or gelatinous Ppt. and soln. turn  As for 1/se vol. Translucent gel As for lead acetate
Pectin i forms slowly culent ppt., yel- @ PPt yellow ’ slone
low color onj
) . _.M" I I L R z .':\: ESL ..:-.mn A.ﬁqr:'-w:'a' 1'-. R Gelat " Gelati t. o As for ] d tate
§(elatinous ppt. or  Ppt. may floccu- @Gelatinous ppt. or Gelatinous pp! . or or lead aceta
Irish moss Sog::angg::ut‘r;{ gel, almost. late with pro-@ gel gel . alone
prt. opaque longed heating &
BMay be emall Yemon yellow @ Flocculent ppt. Flocculent ppt. As for lead acetate
Tragacanth amount of ppt. color . alone
B Nil Becomes  yellow : Nil Flocﬂlont ppt. Gels
Ager : then green and§
gray .
i Nil Becomes turbid or i Nil Nil Gels
Methyleellulose forma. gel:
! comes clear on}
cooling .
Starch Opaque flocculent May redisperse Floeculent ppt. Floeculent ppt. Vgiry ‘heavy nog:.
ent or gelati-
noue ppt,
. Nil | Flocculent ppt, HGels As for lead acetate
Cn:gl:irmethﬂv . . alone
Clotted  opaque fiOpaque gel As for lead acetate
Locusts B ppt. alone
’
Karaya Q) Flocculent  ppt., i Flocculent ppt.

forms slowly
Arabic (acacia)

Ghatti

Gelatin

* Lorust bean gnm and gnar gum give identical reactions and eannot be distingnished on basia of these tests.

Kn for lead acetate
alone

As for lead acetate
.alone

¥ Voluminous
opaque ppt.

May be emall \oluminous
amount of floc- opaque ppt.
culent ppt.

B OpTer pr T ————

N W AT e s

“Gels - with

.

Confirmatory
Testa

Gelatinous ppt, when acid-

ified with mineral acids

G‘ehtinoua ppt. when acid-
ified with mineral acids

Forms blue fibrous ppt.
glith aqueous methylone
ue

Giyes blue or black stain
tincture of iodine

Aqueous dispersions are

not rmipitnted by al.’

evhol, but form gel or
hecome  eloudy
heated

when

Blue atain with 1:-KI re-
agent

Forms elotted pnt. with
CusSO ’

s vol, 4%
borax

8wells and stains pink
with ruthenium red test
* solution

Readily soluble in water
at room temperature

Fine Y:pt' with 4 vol. of
alcohol.  Arabie also
gives fine ppt.

Gives fine yellow ppt.
when added to saturated
pierie acid

gont
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Table V. Samples Examined by Proposed Identification

Procedure
" No. of
um Type Bampley
Sovlinm peetate Powdered
Pectie acid Grennular
Pectin Powdered
Sudinm alginate Powdered
frish moss Powidered
Tragacanth Powdered
Acar Shiedded
: Granulare
Methyleclulose Fibrous
Starch ) ~ Whole whent flour

Tapioca flour

Soluble starch

Cornstarch

Amioca (amylopeetin)®

Clear jel®

Clear-Flo-1T (sodium salt of
starch acid ester)®

Dry-Flo (starch ester)?

Vulea (starch ether)®

Melojels

Nu-film (starch acid cater)s

o ot et g g et et s G v s D £ e s 19 G DD 0 00

Sodium earboxymethyl-

cellulose Powdered 1
Locust bean (carob) Powdere: -7
Guar Powdere 1
Karaya ) Powder 1
Arabie (acacia) . Po 3

. Lum . . 1

Ghatti Powdered 1
Lump 1

Gelatin Granular 2

* Products of National Starch Products, New York, N. Y,

A voluminous opaque, stringy preeipilate which tends to form
a clot indicates locust bean gum.  This precipitate may appear
flocculent if the mixture is shaken vigorously. Curry. out con-
firmatory test for locust bean gum.

A voluminous opaque flocculent precipitate which forms im-
mediately indieates carboxymethyleellulose.  Carry out confirm-
atory test for carboxymethylcellulose, '

An opaque flocculent precipitate which forms stowly and is not
voluminous indieates gum karaya. Carry out confirmatory test
for karaya.

Group C. If the sample has not been identified it may be gum
arabic, gum ghatti, or gelatin,

I.  Mix a fresh 3- to 5-ml. aliquot of sample with 1 ml. of basie
lead acetate solution. Immediate formation of a voluminous
opaque precipitate indicates gum arabie,

If there was only a small amount of flocculent precipitate, or
no precipitate, with the basic lead acetate add 1 ml. of 3.0 N
ammonium hydroxide to the lead-containing sample. A volu-
minous opaque flocculent precipitate indieates gum ghatti. If
there is no precipitate, the sample probably is gelatin. Carry
out confirmatory test for gelatin,

.

CONFIRMATORY TESTS

ALGINATES AND DE-ksTeRIFIED PECTINS.  Add 0.2 volume of
3 & hydrochloric acid (or other mineral acid) to 3 to 5 ml. of the
sample. A gelatinous precipitate confirms alginates or de-esteri-

. fied pectin,

Inusit Moss. - Add 2 to 3 drops of 0.5% methylene blue in water
to 1 ml of the sample solution. Precipitation of purple-stained
fibers confirms Irish moss.

MeTnvLceLLutose.  Mix 5 ml, of sample with 25 ml. of 95%
alcohol and 2 to 3 drops of saturated sodium chloride. No pre-
cipitate confirms methyleellulose. .

Acar.  Precipitate gumn from 5 ml. of sample with alcohol
and stain with tincture of fodine (3). Starch is also stained blue
by this reagent. -

Srancit.  Add 1 to 2 drops of the iodine potassium iodide test
solution to 1 mlL of sample. A blue or purple color confirms
starch,  Some samples of gum tragacanth may give a faint blue
test here. .

CarnoxyMeETHYLCELLULOSE.  Add 2 ml of 1.0 3 cupric sul-
fute to 3 to 5 ml. of sample solution.  An opaque, slightly bluish,
clotted precipitate confirms earboxymethyleellulose., :

Locust Beax Gus.  Add 1 ml, of 19, bornx to 3 to 5 ml. of
gren solution.  If mixture gelatinizes, locust bean gum is con-
tirmed. Guar gum also forms a gel here.

Karava,  Precipitate gum from 5 ml. of solution with alcohol
and stain with ruthenium red (8).  If sample swells consider-
ably and i stained pink, karaya is confirmed,

ANALYTICAL CHEMISTRY

GeLATIN, Add 2 to 3 drops of gum solution to 2 ml. of satu-
rated pieric acid. A fine vellow precipitate confirms gelatin.

DISCUSSION

The proposed procedure has been tested with the gums listed
in Table V. It was possible to identify the modified starches
ns starch products, becnuse the solubility of all these materials
is decreased by barium hydroxide and all give positive tests with
the iodine-potassium ijodide reagent. It is possible that not all
the thickening agents or gums employed in food products at'the
present time have been included in this study. Cherry gum and
quince seed gum, for example, have been suggested in the liter-
ature for use in foods. However, the proposed procedure in-
cludes all the gums that were available during the investigation.

The proposed scheme for identification of stabilizing and
thickening agents is applicable only when they have not been
mixed with other materials. To identify thickening agents in
foods by this method it would first be necessary to separate them
from the foods, but separation techniques might alter the reac-
tion characteristics of the gums. Much work has been done on
methods for the separation and detection of gums in particular
foods, such as mayonnaise and French dressing (2, 7, 10, 11),
soft curd cheese (1, 8, 10, 11, 13, 19), tomato products (10, 13),
sturchy foods (21), cacao products (13, 17, 23), ice cream and
frozen desserts (9-11), canned chicken (10), and meat prod-
ucts (f2). Additional references to methods for separating
gums from foods may be found in reviews by Jacobs and Jaffe
(15) and Mantell (16). The emphasis in most procedures has
been on detection of the gums without identification. Iow-
ever, Wyler (24) has outlined methods for the detection and
identification of locust (carcb) bean gum, methylecllulose, car-
boxymethyleellulose, starch, pectin, and alginate in meat prod-
ucts.e Thus identification tests-proposed in the present paper
may be useful for the identification of gums separated from foods
by methods already described in the literature. However, it is
probable that many special techniques will be required for the
analyses of particular combinations of foods and thickeners. A
great deal more work must be done before it will be possible to
identify all of the gums in the various foods in which they may
be used. -
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COMMENTS ON THE MECHANISM OF THE FETOTOXIC EFFECT OF TRAGACANTH

(Uber den Mechanismus der fetalschddigenden Wirkung von Traganth)
Authors: H. Frohberg, H. Oettel and H. Zeller

Source: Archiv fiir Toxikologie, Vol. 25, 1969, Sprlnger-Verlag Ber11n,
Heidelberg, New York, P. 268-295.

A. Introduction:

Not all the substances, whose possible teratogenic effect must be tested, are
soluble in water, physiological salt solution and Ringer's solution. Hence,
they must be applied, in the form of suspensions or emulsions according to their

mode of utilization,orally or parenterally. Natural substances, beside synthetic

-products like carboxymethyl cellulose, are used as suspensions in manufacturlng

these preparations. That is why the influence of suspensions involving natural
substances was tested in comparison with distilled water and Ringer's sclution

as to gestatlon in mice. This was done especially since WILLIAMSON and

‘Collaborators (1963), as well as CARTER (1965), proved in their tests conducted

on chick embryos that inert substances, like sand, gound glass, colloidal Al
or talc, produced malformations with the same frequency as definitely teratogenic

substances.

B. Material and Methods:

.

1. Animal Species Used:

Mice of the NMRI-breed were used for the tests (animals from closed random
breeding; Breeder Dr. Haakh, until late 196k: Federal Research Institution
for Virus Diseases in Animals, since 1965: Firma Ivanovas, Kissleg, Allgiu).
Upon reception, all the mice received a protective inoculation of active
vaccine yairus against ectromelia at the Industrial Hygiene Pharmacological
Institute: of the BASF (Zeller and Reckzeh, 1965).



2. Type of the Substances Tested and of the Substance Specimens:

Table )1 contains a survey of the substances tested and substance speciﬁens,

‘and reveals their origins.

Table 1l: Survey of the substances tested

Bezeichnung Chareen- Herkunft
nummer

Aqua destillata -

Ringerlisung —_ .

Giummi arabicum : (11 S F. Merck, A Daurmstadt

Agar Alasl F. Merck, A6 Darmstadt
Carrageen - Fo Scbalze w, Co Mannheim

tinar . ) MW Mevhall Cliemieal MG Kreuzlingen (Schwei:
Talkum . T B1754 E. Merck, A6 Darmstadt
persischer Trazanth Nr. ¢ . E. Merck, A Darmistadt
persischer Traganth Nr. 1 +34208 F. Merck, AG Darmstadt
persischer Traganth Nr. 2 RV F. Merck, A6 Darmstadt
persischer Traganth Nr. 3 263568 E. Merck, \¢ Darmstadt .
persischer Traganth Nr. 4 277520 I Merck, AG Darmstadt
persischer Traganth Nr. 3 119414 . Merch, AG Darmstadt
persischer Traganth Xr. 6 »621 63 ITmhoff 1. Stahl, GmbH Mannheim
persischer Traganth Nr, 7 134205165 Ledel de Haen, AG Seelze-Hannover
indischer Traganth Nr. | 140609, 64 Imhoff u. Stahl, GmbH  Mannheim
indischer Traganth Nr. 2 32 63 . Imhoff v, Stahl, GmbH  Mannheim

The terms '"Persian tragacanth' designate the officinal tragacanths from the
Near East. These are‘mucilages obtained mainly from Astragalus gummifer
Labillardiere and from related asiatic astragal species, all of them belonging
to the Leguminosae family (TSCHIRSCH, 1912; BIRGER, 1964). In previous time,
this astragal mucus, called also "true tragacanth™, was extended with "Indian
tragacanth', and still today Indian tragacanth is often used as a substitute

for the more expensive pure tragacanth.

Indian tragacanth, called also ''false tragacanth', Karaya- or Sterculia-rubber,
is obtained by scraping the bark of the trunk of Sterculia ureaus Roxb.,

a tree widely distributed in Hither India (Hindustan). Unlike true tragécanth,
Sterculia-rubber contains no starch, possesses no adhesive power, and swells

much more rapidly in water.



3, Nutrient ledia:

Merck-Standard I-nutrient agar and Merck-Standard-nutrient broth were ﬁsed in
obtaining the bacteriological nutrient media. The various differential nutrient
media were prepared according to the prescriptions indicated by HALLMANN .
(“"Bakteriologische Nahrbdden" - Bacteriological Nutrient Media, Thieme-Verlag,
Stuttgart, 1953). - '

4. Methode Used in Testing the Teratogenic Effect:

In teratogenic tests, the fertilization periods should be indicated as éccurately
as possible. Hence, in our Institute, when teratogenic tests are conducted on
mice, several 100 pubescent female mice are placed together each time for 2 hours
with the males (bucks) (5 females with one male), once a week from 10 to 12:00 AM.
%hen the cohabitation is terminated, each énimal exhibiting a vaginal plug is
jsolated. In the case of these "plug mices", the pairing day is called the 1st
day of gestation (FROHBERG and OETTEL, 1964). '

On the 19th day of gestation, thus one day before the normai littering day,

all the treated or antreated mice are killed, and the number of the implantation
places, of the jntact and resorbed fetuses, as well as the number of the dead
but externally uninjured fetuses, are determined. The implantation places,
which can be recognized by the "metrial glands', which can be identified as
quite perfused yellowish nodules on the mesometrium insertion of the uterine
excrescences, and which are not occupied by living or artificially dead fetuses

or fetal resorptions, characterize the number of the miscarried embryose.

The body length and weight of the fetuses are determined, then their malformations
are examined macroscopicallye This examination is conducted systematically

from head to tail. Subsequently, the fetuses are fixed in alcohol; the soft

parts are clarified in caustic potash and, in order to evaluate the individual
bones, the skeletal system is dyed iith alizarin red S by a modified Dawson
methode Tnese clarified and colored fetuses are kept in 100% glycerine DAB 6
(FROHBERG and OETTZL, 1966).



In order to be able to make a statement regarding the possible embryodtoxic
effect of a product in the case of the animal species used for the tests,
one must possess an accurate knowledge of the spontaneous ialues. Hence
investigations of the littering size, of the rates of fetal resorption and a

of malformation, were conducted on 413 pregnant and untreated NMRI mice.

In the uteri of 414 untreated animals, 4293 implantation places were found,
that is 10.4 on an average per mother animal (See Table 2).

Table 2: Spontaneous values in 414 NMRI control-mice. The mother animals
were caused to die on the 19th day of gestation.
a. Implantations b. Fetuses c. Alive d. Malformed e. Dead

f. Resorptions g. Miscarriages h. Total number i. Average per animal

- b £ q
Implan-  Feten c & e Resérp-  Aborfe
tationen T _' il e tionen
lebend miB- runts  tot
gebildet
Gesamtzahl () 1203 2018 60 18 N 43 12
Durchschnitt 10,4 85 04 004 w03 0N3 0,03

pro Tier

I8 Arch. Toxihol,, Bd. 25

From the 4293 implanted embryos, 3 had died or had been resorbed. Thus the
average quota of fetal resorption per animal was 0.83- One rust bear in mind,
however, that fetal resorptions were found only in 199 of the 41k control mice,

and also one resorption in 120 animals, 2 resorptions in LY mice, and more than

2 resorptions in 35 animals. One mouse, in each case, had even 6 or 8 spontaneous
resorptionse On the llth day of gestation, in a control animal, all the 12 fetuses

were expelled as miscarriages.

For the most part, the mice had 9 = 13 fetuses per litter, and the 3918 living
fetuses of the 414 control animals exhibited on an average & length of 2.2 cm
and a body weight of 1.2 g. " Eighteen living fetuses of the altogether 14
mother animals, must be regarded, with a body weight of only 0.6 - 0.8 g,

as "congenital runts". In 18 mothers, altogether 20 dead, nonmalformed,

"normally' developed fetuses were found in the uterus.



Figure 3: Spontaneous malformations in %918 fetuses from 414 NMRI-control-mice.
The mother animals were caused to die on the 19th day of gestation..

a. Type of malformation b. Number of malformed fetuses c. Frequency

d. Cleft palates e. Thoracic vertebral body hyplasty g. Aplasia of the

vertebrae and ribs he Malformations of the ribs i. Out of 50 mother animals.
4:'. exccepkaht- Js Mucroce P‘«a—‘\i— K., m-crona,ﬂny

6. At eder Mihiliunge by Zaht der ¢ hafigkeit
miBueebildetin
Foeten
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Out of the 3018 living fetuses, 60 (1.53%), which originated from 30 (12%) of the
414 mother animals, exhibited spontaneous malformations (Table 3), and also

40 fetuses (1%) had cleft palates. Thus they presented the most frequent spontaneous
malfdrmation’ in our mice-breed. Four fetuses had ejecephaly, 2 fetuses had
microcephaly, 1 fetus exhibited a miérognathy, gnd in 4 fetuses, hypoplasiae

'or aplasiae of some thoracic vertebrae were detected. Six fetuses had malforma-
tions of the ribs, and in one stunted animal, all the thoracic vertabrae, the ribs,

and most of the lumber vertebrae were missing.

Ce¢ Results:

1. Testing the Fetotoxic Effect of Different Suspensions:

From the 1lth to the 15th day of pregnancy, gravid mother-mice received daily
0.2 ml per animal of the suspension preparations' (mentioned in Table 4) by

intraperitoneal injection. The individual results are shown in Table 4,



Pable 4: Effects of suspensions on the pregnancy of NMRI mice 5 x 0.2 ml/animal
intraperitoneally as aqueous suspension from the 1lth to the 15th day of gestation

(The mother animals were caused to die on the 19th day of gestation)

a. Substance b. Number of mother animals c¢. Total number per group with
miscarried fetuses d. Implantations e. Total number per group

f. Average per mother animal  g. Resorptions h. % referred to the total
number of implantations i. Miscarriages Jjo Petuses ke« Alive 1. Weight

e Length n. Dead o Malformed p. Type of malformation 4. Distilled water
r. Ringer's solution I. Cleft palate 2. Umbilical herniav 3. Malformation

of the ribs 4. Aplasia of the Os interparietale.

qQ, Substanz b. Mutter- d, Implanta- ] Hesorp- + Aborte J Feten
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Gummi arabicum 8 1 92 11,5 . 3.3 0 1] a8 1o 1.3 2.2 1 1 11 12
(1%) ' ’ )
Agar (1%) 9 2 94 104 9 - 96 4 4.3 81 0o 1.2 22 [\] 4+ 43 31
t -3
Carrageen (1%) 9 1 92 10,2 9 9.8 (}} 0 X2 0.1 1.2 22 1 1 1.1 11
-Guar (1%) 11 0 113 10,3 42 372 9 8.0 a2 4.7 i1 2.1 1o [ ] .
Guar (1%) 5 x 0,1 8 0 72 9,0 12 6.7 2 2.8 53 6.9 1.1 2.1 3 (L) .
Talkum (1 %) 9 1 87 9,7 11 12,6 0 0 76 S.4 b2 23 1] { 1.1 1.2
Traganth Nr. 0 8 .0 82 103 44 a3 35 463 0 8 . — 0 v o0 -
(1%)
Gummi arabicum 18 & 202 (1.2 57 282 o 0 143 8.1 1.2 23 0 6 30 3 1
(10%) . 34
Talkum (10%) 14 1 128 0.1 M 30 o o 2 A 1.2 22 t 2 e LA |
gu.:(:‘-esamtzahl pro Giruppe, 9 - Durchschnitt pro .“Illll'l'li\‘l‘r. my L hezegen ant Gesamtimplantiationszahl, 1 Uunnu-n«mlt:

2 .. Umbilicathernie, 3 = RippenmiBbildung, 4= Aplasie des Os interparictale,

L

After a 5 tinme intraperitoneal injection from the 11th to the 15th day of
gestation of each time 0.2 ml per animal of‘distilled water, Ringer's solution,
1% aquaous gum arabic, agar and carrageen mucilage or of a 1% aqueous talc
suspension, there was no disturbance of the pregnancye After the injection of
corresponding amounts of a 1% aqueous guar mucilage, one of the 11 mother mice
died intercurrently. Forty-two fetuses were resorbed,'g were expelled as

miscarriages, and 10 were dead at the time of the killing of the mother animals

N .



on the 19th day of gestation. In doses of 5 times 0.1 ml/animal, a 1% guar
mucilage no longer influenced practically the fetal development.

After the 5 time intraperitoneal injection of each time 0.2 ml of a 1% aqueous
mucilage of a commercially obtained Near East DAB 6 tragacanth, surprisingly
511 the fetuses were resorbed or were expelled as miscarriages. This é:g;§e—
toxic effect of the 1% aqueous tragacanth mucilage investigated was considerably

stronger than that of a 10% aqeous gum arabic mucilage or of a 10% aqueous
talc suspension.

2. BEmbryotoxic Effect of Persion Tragacanth:

Since the eég?;btoxic effect (observed in the first test) of the investigated
tragacanth specimen stood in contrast with all the other suspensions tested,
and in order to exclude experimental errors or &n accidental contamination of this
specimen by unknown active substances, which could have caused the embryotoxic
effect, 5 other charges (No. 1 - 5) of the DAB 6-tragacanth (of Persion origin)
prOV1ded by the Merck Company and used in Test 1, as well as in each case one
specimen of Persion tragacanth of the Imhoff & Stahl Company (No. 6) and of
the Riedel de Haen Company (No. 7) were introduced into the investigationse.

In these tests the animals were injected in each case with Q.Z ml of the 1%
mucilages in diétilled water only on the 1lth and 12th day of gestation.
Furthermore, some mice were treated on the 14th and 15th day of gestation with
three different Persion tragacanth specimensin the corres-onding way.

The individual results are given in Figure 1.

Figure 1: BEmbryotoxic effect of Persion tragacanth for NMRI mice 2 x 0.2
ml/animal intraperitoneally as 1% ageous mucilage. % Resorptions,

&1 Miscarriages, EZZiDead fetuses, i__:Alive fetuses.
100
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20

6 7 Traganth Nr.
11412 Tag pc¢ 14 +15 Tag pec.
ALl L Embryotoxische Wirkung persischen Traganths fiir NMBE-Miuse 2 0.2

mb Tier i p. als PPoiger witiriger Sehleim. Sl Resorptionen, 770 Abarte,
s Woee = buode Boten



Five hundred and twenty eight of the 818 fetuses of the 87 mother mice, into which
each time 0.2 ml/animal had been injected intraperitoneally on the 11th and 12th
day of gestation, were resorbed, and 255 were expelled as miscarriages. After
injection on the 1l4th and 15th day of pregnancy, 12 of the 160 fetuses of the

15 mother animals were dead, 40 resorbed, and 82 were expelled as miscarriages.
The miscarriages, externally recognizable through vaginal bleedings, occurred

in most cases 2 to 3 days after the treatment. While animals were being killed

during vaginal bleeding, dead fetus residues were found in the uteri.

Thus a1l the tested charges of Persian tragacanth exerted a considerable embryo-

“toxic effect. , °

Since already an only two-time intraperitoneal injection of 0.2 ml each time of
a 1% tragacanth mucilage of Persien origin, had a highly em§§§8toxic effect, a
Persian tragacanth specimen of the three supplying Companies was injected into
gravid mice only one intraperitoneally. The injections were conducted on the
11th, 12th or 14th day of gestation. See the individual results in Table 5. -

Table 5: Emgzggtoxic effect of Persian tragacanth for NMRI mice 1 x 0.2ml/animal
Ezz;aizyitoneally as 1% aqueous mucilage (The mother animals were caused to die

on the 19th day of gestation)

a. Day of application percent b. Number of mother animals c.Total number per grox
&. with born fetuses e. Implantations f. Average per niother animal '

g+ Resorptions h. % referred to the total number of implantatinns i. Miscarriages
jo Fetuses k. Alive 1. Weight m. Length n. Dead o. Malformed |
pe Type of malformation I = cleft'palate 2 = Kyphosis 3 = Malformation of the
thoracic vertebral body L = Umbilical hernia 5 = Clubfoot on the left

aplasia of the metatarsals and phalanges III and IV.
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In these tests, the strongest emb;yetoxic effect was exerted by Charge No. 7,
but even after injection of the tragacanth-Charge No 6 on the 1lth or 12th day

of gestation, the majority of the fetuses were resorbed or expelled as miscarriages.

After the injection of this tragacanth (No. 6) on the lith day of gestatioﬁ,

20 fetal resorptions, 22 alive and 48 dead fetuses were found in the uteri of the
8 mother mice treated. One of the 22 living, and 4 of the 48 dead fetuses had
cleft palates. Furthermore, kyphosis was detected in a dead fetus, and in another
a malformation of the thoracic vertebral body. The seven malformed living and dead

fetuses originated from two of the eight mother mice.

The Persian tragacanth specimens No. O and 2, used for these tests, produced
fetal resorption and abortions with lower frequency; nevertheless, 29 of the
294 living fetuses and 2 of the dead ones had cleft palates. The 10% proportion
of cleft palates is 10 times higher than the spontaneous cleft palate frequency
(1.02%) of our NMRI mice-breed. The 29 living and 2 dead fetuses with cleft
palates come from 14 different mother animals.

Cleft.palateé occurred most frequently in the mother mice treated on the 12th
day of pregnancy with Persian tragacanth mucilage No. O and No. 2; then in 10

of the 26 mother animals, fetuss(21l living and 1 dead) were found with a fissure
of the palate. Furthermore, one fetus of these 10 mother animals had an ectopia
of the abdominal organs. In another fetus with uranoschism, once the skeleton
had been colored, a hypoplastic malformation of the right rear extremity with
tibial aplasia was detected (Figure 2). Thus altogether in 10 of:%he?gother mice
treated on the 12th day of gestation, 23 living,fetuses; and_one dead, were found
with malformations.

Figure 2: Left: Fetus with hypoplastic malformation of the read extremity and
tibial aplasia. Treatment of the mother mouse: one 0.2 ml per animal intraperi-
toneally of a.}® aqueous mucilage from Persian tragacanth on the 12th day of
gestation. Right: Normal control fefﬁs. The mother mice were caused to die

on the 19th day of pregnancj. Clarification and coloration of the skeletal
system by a modified Dawson method. ‘



A 1% aqueous mucilage of Persian tragacanth of different origin(s) exerted
an embryotoxic effect not only after the repeated, but already after the
single intraperitoneal injection of 0.2 ml per animal in the middle of the

gestation in the case of the NMRI mice used for the investigations.

In order to determine whether tragacénth from other regions of cultivation
possesses the same embryotoxic effect as Persion tragacanth, two different
specimen of Indian tragacanth (No. 1 and 2) were tested in the same way as
in Experiment 1.

Uﬁlike Persian tragacanth, these Sterculia-rubber specimens, even after the
five-time injection of 0.2 ml per animal from the 11th to the 15th day of
gestation -~ a dose which in the case of the Persiﬁn tragacanth always
caused 100% fetal death - failed to affect the fetal development of the mice.
Only the proportion of resorptions was slightly raised as compared with the
normal occurrence, and 7 of the 239 fetuses (2.9%), from 7 different mother
animals, had uranochism.

The repeated five time subcutaneéué injection of each time 0.2 ml per animal
from the 11th to the 15th day of gestation of a 1% aqueous mucilaege, obtained
from Persian tragacanth No. 2, failed to affect the fetal development of all

the 12 mother mice.’

Hence, it must be assume that the embryotoxic effect (observed after intraperi-
toneal injection) of different tragacanth charges of Persian origin is

conditioned not bj a systemic, but by a direct action on the uterus.

Since some of the investigated suspensions are used also in manufacturing
suspensions to be orally applied, and since tragacanth as well as guar and
agar are allowed as food thickeners, the fetotoxic effect of these natural
substances, as compared with gum arabic and talc, was tested by oral applica-
tion also on 35 mice. The soundings ( probings) were undertaken from the
11th to the 15th day of gestation daily in amounts of 0.5 ml per animal

in the form of 1% and 10¥% suspensions or mucilages. Despite this high dosage,

the proporticn of fetal resorption, the average number of living fetuses,



their body lengths and weights as well as the malformation rate in the tests

with Persian and Indian tragacanth, agar and gum arabic, lay within normal limits.
It is only after the sounding of 10% talc suspensicn and of 1% guar mucilage

that the proportion of fetal resorption was raised.

Thus Persian tragacanth in oral application of large amounts even, like the
other natural substances tested, failed to affect the fetal development of the
NMRI mice.

'3, Embryotoxic Effect of Suspensions in Early Pregnancy:

2

Previous tests with chemical, teratogenic compounds like formamide, monomethyl
formamide, l-ethylene imino-2-oxybutene-3 and 6-mercaptopurine showed that |
during the early period of gestation the mice-embryos were only slightly sensitive
to teratogenic noxas (OE™TEL and FROHBERG; 1964/1965). Hence tests were conducted
in order to determine whether the embryotoxic effect of Persian tragacanth

after intraperitoneal.injection during the first third of the gestation is

weaker than after application between the 11th and 15th day of gravidity.

Sixteen mice were injected from the 4th to the eighth day of gestation with
0.2 ml of a 1% aqﬁeous mucilage from Persian tragacanth intraperitoneally.

For comparison purpose, mice were treated in the same way with distilled water
or mucilages from different natural substances (agar, guar, gum arabic, Indian
tragacanth). Like in the previous tests, the animals were caused to die on the
19th day of gestation, that is one day before the .normal littering term.

In all the 31 mice treated with distilled water, agar, gum arabic or Indian
tragacanth - apart from the 17.6% amount of resorption some what increased

in the "agar amimals" as compared with what is normal - the fetal development
was not disturbed. The number of fetuses, their weight and length, the
proportion of malformations and resorptions corrésponded to those of the
‘untreated mice. On the othér hand, normally developed fetuses were found

only in one of the 16 animals treated with Persian.tragaéanth. The uteri

of the other 15 mother mice, vwhen these were killed on the 19th day of gestation

did not differ from those of nonpregnant animalse
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The same dose, administered on the 6th and 7th day of gestation, caused vaginal
bleedings in 3 of the 7 mother animals. Hence, these mice, and also those

treated on the 7th and 8th day of gravidity, were céused to die not one day before
littering, but already on the 12th day post coitum. At this moment, fetuses (66)
still living in the uteri were found only in 6 of the 13 mice. In 4 of the 13 mothers,
all the fetuses had been expelled. It was possible, however, to determine the
number of the expelled embryos by observing the places of implantation that were
still visible - in the form of '"metrial glands'.

On the other hand, in 6 out of 16 mice, which had been treated from the 4th to the
8th or from the 4th to the 7th day of gestation with tragacanth mucilage and had
been killed immediately, the uteri did not differ from those of nonpregnant mice.

Since, however, in 2 of the 16 animals, normal embryos, corresponding in their

'development to the 7th or §th day of gestation, were present in the uteri,-an& since

in the other mice the places of implantation were clearly recognizable on the

mesometrium insertion, it must be assumed that in the 6 animals without "metrial
glands" the embryos were expelled already before, or at the beginning of,#gﬁbeddinghwu,
processe '

Thus the embryotoxic effect of Persian tragacanth was weaker in the case of
injections administered during early gestation than in application in the middle

of the gravidity period. As is shown by the tests, the mice-embryos with increasing
age become more sensitive to the embryotoxic effect of Persian tragacanth; whereas
Persian tragacanth mucilage injected on the 4th and 5th day-of gestation failed

to disturb:the embryo development, fetal death and miscarriage or resorption
occurred after injection on the 6th and 7th day of gestation, and still more
markedly after application on the 7th and 8th day of gravidity.

ROE (1959), GALBRAITH, MAYHEW and ROE (1962) as well as MAYHEW and ROE (1964)
found that native Persian tragacanth, but not heated Persian tragacanth and

Karaya rubber ( = Indian tragacanth) inhibited the growth'of mice-ascites-tumors.
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On the basis of mitosis counts on the Landschiitz-ascites~tumor of the mice,
MAYHEW and ROE (1964) surmized that the cause of the antineoplastic effect
(observed by the@) of the native true tragacanth was a mitosis inhibition
‘and an "active component" of this drug, influencing the surface of the
tumor cells. Hence tests were conducted in order to determine whether the
embryotoxic effect, observed in the case of the Persian tragacanth, was an
expression of the cytotoxic action described by ROE and Collaborators for
tragacanth. For this purpose, Persian tragacanth (No. 0) was subjected to
experimentation regarding antineoplastic action on the Ehrlich-ascites-
carcinoma of the mouse, as compared with other suspensions and natural sub-
stances.

For each series of tests, 40 to 60 mice were used. All the animals were inoculated
intraperitoneally with-fresh ascites 1:1 or 1:10 diluted with Ringer's solutionm.
Each test or control group comprised 10 mice; the controls remained untreated.
All experimentéi animals - starting two hours after the tumor transplantation =
were inoculated intraperitoneally on 5 consecutive days with 0.2 ml per animal

of distilled water or of a 1% aqueous suspension of'the corresponding suspensions.
The mice were weighed daily, they were observed until their spontaneous death;
then they were dissected. The ascites was removed by sponging the abdominal
_cavities with cellulose, and its amount was deternined by subsequently weighing
the animals. The evaluation of the antineoplastic effect was made on the basis
of the ascites amount found, and also of the surviving period of the tumor animals
(OETTEL and WILHELM, 1957). See individual results on Table 7.

Table 7: Antineoplastic effect of natural substances on the Ehrlich-ascites-
carcinoma of the mouse. Administration of 5 x 0.2 ml/animal intraperitoneally
of a 1% aqueous suspension (Monday until Friday). (First injection two hours
after the tumor transplantation).

a. Substance b. Life duration in days c. Average value d. Absolute

range of dispersion e. Amount of ascites at death f. Tumor inhibition in %
ge Test series I h, Untreated i. Distilled water j. Gum arabic 1C%

ke Talc 10% 1. Indian tragacanth m. Persian tragacanth o. agar (threads)
p. Carrageen q. Guar '

In the tumor transplantation, 1 ml of‘diluted fresh ascites was injected intra °
peritoneally into the mice. Ringer's solution was used for dilution.
Dilution ration 131 in the series of tests I, and 1:10 in II.and III.
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Pers. Traganth (Nr. 0) 1% 8.1 5--14 0,5 94.7

Versuchsreihe 111 .

Unbehandelt 1.6 8--15 6,2 10,5
6Agar (Fiiden) 1% 8.1 8—13 2,0 67.7
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. ‘Guar 1% 9.1 8--12 2.8 55,2
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With the exception of the carrageen animalsy in all the series of tests, in the
mice treated with the different suspensions, the ascites amount decreased by 50%
as compared with the controls, and even by 80 to 90% in the animals treated with
Persian tragacanfh. This decrease of the ascites amount, however, implied in
every case the shortening of the surviving period of the experimental animals

as compared with the controls, and thus does not express a true tumor inhibition.

5. Effects of Heat Sterilization and of Anti#biotics on the Embryotoxic Action
of Persian Tragacanth:

In trying to find the causes of the embryotoxic effect of Persian tragacanth,

tests were performed in order to ascertain whether this effect was due possibly

to microbial contaminations. For this purpose, a specimen of Persian tragacanth

(No. 2) and for comparison a specimen of Indian tragacanth (No. 1) were dry-sterilized

30 minutes at 170 C. Then, from these two- tragacanth specimens and with distilled

water in each case a 1% mucilage was manufactured which was used in treating

intraperitoneally mice from the 11th to the 15th daﬁ of gestation. Furthermore,

mother mice were treated in the same way with an aqueous mucilage from Persian traga-

canth which had been previously incubated for 48 hours at 37 C after adding |
penicillin (100 I.U./ml) and streptomycin (100 pg/ml) (See Figure 3).

Figure 3% Embryotoxic effect of pretreated Persian tragacanth for NMRI mice
5 x 0.2 ml/animal intraperitoneally as 1% aqueous mucilage from the 1lth to the

15th day p.c.(?) = Resorptions =3 Miscarrages uuis Dead fetgses Living fetuses

a,.% of the total implantations b. Untreated c. Antibiotics d. Sterilized
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Through a 30 minute sterilization at 170 C, the embryotoxic effect of Persian
tragacanth was decreased, since even after the five time injection of this
mucilage, manufactured from sterilized true tragacanth, only half the fetuses
were resorbed or were expelled as abortions. As was expected, heat-sterilized
Indian tragacanth influenced the fetal development just as little as untreated
(Indian tragacanth).

A penicillin and streptomycin addition failed to lower the embryotoxic effect
of Persian tragacanth.

6. Bactériological Investigation of the Different Tragacanth Specimens:

Since it was possible to lawer the embryotoxic action of Persian tragacanth through
heat steriliza;}on, Jt was presumable that microorganismg or their products.of
metabolism might be the cause of the embryotoxic effect of Persian tragacanth.
Hence, the different charges of Persian and Indian tragacanth were examined
bacteriologically.

In order to isolate the microorganism contained in the individual tragacanth charges,
1% mucilage specimens were prepared under sterile conditions with sterile physioclogi-
cal salt solution. from these specimens, after a 48 hour incubation at 37 C,

a loop was inoculated on nutrient agar and the dishes were incubated at 37 C
" for 24 to 48 hours. Furthermore from the different 1% mucilage specimens,
1.ml in each case was placed in 50 ml of nutrient broth, and thus was processed

in the same way.’ '

In order to determine thevpresenCe of possible impurites through fungi, the same
fragacanth specimens were inoculated-also on Sabouraud nutrient media and

Sabouraud broth, and were incubated for 1k days at 22 C.

Fron the germs, grown on the agar dishes and in the broth cultures, pure cultures
wefe obtained, and the different types of germs were exanined morphologically,
biochenically, and in the case of the gram negative bacteria serologically also

(specinmen agglutination with salmonella cumulative serum I-Behring Plant).
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I In order to obtain an accurate determinati.n of the isolated gram negative

germs, the following properties were tested regularly, or the following
reactions were conducted: ’
Motility !
Hemolysis
Gelatin liquefaction
HZS formation ,
Urea dissociation (splitting) ' -
Methyl red reaction
Voges-Proskauer reaction
" Indole reaction
Koser citrate
"Multicolored Series' with the following hydrocarbons and alcohols: dextrose,

lactose, saccharose, salicin, inositol, adonitol, dulcitol.

For further differenciation, in individual cases, the following culture characteris-

— tics were investigated also:
% ) )
Splitting of sorbitol, xylose, arabinose, starch.
Behavior in litmus milk, nitrate reduction, detection of

Phenylalanine-decarboxylase, lysine-decarboxylase, catalase, cytochrome-oxydase.

- In the case of the gram positive bacilli, the following culture characteristics

were used for diagnostic purpose:

Growth in broth and on agar

"Motility

Hemolysis

Gelatin liquefaction

Splitting of dextrose, lactose, saccharose, xylose, mannitol
Indole reaction

Voges-Proskauer reaction.



In the case of the isolated gram positive diplococci, the following investiga-
tions were conducted: '

Growth in broth and on agar
Hemolysis .
Splitting of dextrose, saccharose, lactose, mannitol, maltose, salicin, sorbitol,
induline, aesculine "

Indole reaction.

On the basis of the undertaken investigations, the germs, isolated out of the

different tragacanth specimens, were determined as follows: Results in Table 8.
- _

Table 8: Bacteriological finding§relative to different tragacanth specimens

a. Tragacanth specimen b. Yeasts c. Fungi

¢ Trazanth- b, Bakterien - ¢. Hefen
‘probe - — Pilze
gramnegativ grampositiv

Pera, Traganth

1 Enterobacter aerogenes — _—
2 Enterobacter aerogenes — -_
3 Enterobacter acrogenes —- Penicillium .
4 Enterobacter aerogenes — : —
5 Enterobacter aerogenes —_ —_
6 Enterobacter aerogenes Bac. circulans - Mucor
Flavobact. rhenanus Bac. subtilis
Diplococcus
(nicht differenziert)
7 i) Enterobacter nerogenes Bace. megatherium
bj Enterobacter aerogenes Diplococcus —
(nicht differenziert)
Ind. Traganth
e 1 - Bac. mesentericus -
Bace. subtilis -
2 — Bac. mesentericus —

Bac. subtilis

After these investigations, enterobacter aerogenes germs were detectable in all
the Persian tragacanths, and even as pure culture in specimens 1 to S.
In the gragacanth specimen No. 6, a flavobacterium rhenanus, belonging to the

family of the achromobacteraceae, was still isolated.. In the %ragacanth specimens
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No. 6 and 7, it was possible to detect, in addition to enterobacter-aerogenes
germs and the flavobacterium, gram pdsitive aerobic sporiferous (bacteria ?)

as well as gram positive diplococci, which were not more closely differentiated.
In the tragacanth specimens lo. 3 and 6, a penicillium or a Mucor germ was

detectable; the latter was not included in the further‘investigations.

In contrast with the results of bacteri;logical investigations, in the Persién
tragacanth sﬁecimens of different origins, no germs had grown in the parallel

text with the two Indian tragacanths after an incubation of 24 hours. It was

only after a storage of 36 to 48 hours at + 37 C, that on the nutrient agar dishes
-different gram positive aerobic sporiferous bacteria (Bac, subtilis, Bac. mesentericus
were detected. The only low number of bacteria in the Sterculia rubber should

be attributed to the fact that the commercial product is solubilized through the
autoclave (Merck Index, 8th Edition 1968).

According to the investigations conducted so far, the gram negative germs contained
in the Persian tragacanth specimens might be regarded as the-cause- of the - e
embryotoxic effect. Hence, tests were performed in order to determine the possi-
bility of isolating these gram negative bacteria from the absominal cavity,

after repeated intraperitoneal tragacangh injection.

FBr this purpose, two mice; which ha& been treated intraperitoneally one, 3 or

5 times with 0.2 ml of a 1% mucilage of Persian or Indian tragacanth, were caused
to die.nearlj 8 hours after the last injection; the abdominal cavity was opened
under sterile cdnditions, the peritoneal fluid between the partly adherent intestinal
loops were removed, and inoculated on agar dishes.

It was possible to isolate the enterébacter germs, detected bacteriologically

in the different Persian tragacanth specimens - although these germs were few -
from the absominal cavity of the mice treated intraperitoneally b or 5 times

with these mucilage specimens. In the test with Persian tragacanth No. 6, the gram
positive diplococci were found again in the abdominal cavity of the animals

treated with this tragacanth. Nevertheless, it was‘impogsible to isolate the

gram positive aerobic sporiferous bacteria, primarily detected in the Persian

tragacanth speciméns No. 6 and 7 or in the Indian tragacanéh No. 1, from the
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abdominal cavity of the mice treated repeatedly intraperitoneally in the case

of these specimens.

7. BEmbryotoxic Effect of Products of Metabolism of Bacteria from Persian Tragacanth:

In order to exclude a bacterially induced peritonitis as cause of the embryotoxic
effect of Peréian tragacanth, tests wéfé conducted in order to ascertain whether
products of metabolism of the isolated germs can also exert an ébryotoxic effect.
For this purpose, normal nutrient broth was inoculated with pure cultures of the
gram hegative germs isolated from the different Persian tragacanth specimens

(2 Pt loops of a 2hehour culture on 50 ml of broth) and was incubated during

48 hours at +37 C. Then these broth cultures were passed under sterile conditions
through bacteria-proof filters (Seitz/Filter - Layer EKS II (EXS = sterilization
layer)). After verifying the sterility by preparing smears on agar dishes, these
broth cultures made sterile by filtration were injected under sterile conditions
with the products of metabolism of the enterobacter strains’in mice intraperitoneally

- starting on the 11th day of gestation - in doses of 0.2 ml per animal (Figure L),

Figure L: PEmbryotoxic effect of broth cultures, filtrated under sterile conditions,
of enterobacter strains for NMRI mice. 1 x 0.2 ml/animal intraperitoneally on the
11th day of gestation Resorptions, Miscarriages, Dead fetuses,

Living fetuses, Halformations.
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Already in the course of 12 to 15 hours after the first intraperitoneal injection,
vaginal bleedings - which must be regarded as sign of miscarriage - developed in

7 of the experimental groups, which had been treated with enterébacter broth
culture filtrates from the Persian tragacanth specimens No. 1 to 7, in the majority
of the mice. Hence, the mice of these 7 experimental goups, which for a certain
time (1 - 2 days) exhibited a ruffled skin and retracted flanks, were treated only
once. Three mother animals died intercurrently.

Despite the only single intraperitoneal injection of the Persian tragacanth
specimens No. 1 - 7, living fetuses were found in uteri only in 2 of the 55
mother mice treated. All the other 543 fetuses had. been resorbed or had been
éxpelled as abortions. :

The 13 mice of the two other experimental groups developed no vaginal bleedings,
hence they were treated from the 11lth to the 15th day of gestation. In this
experimental setup, the two ‘sterile filtrates, which contained products of
metabolism of the flavobacterium rhenanus and of an enterobacter aerogenes,
exerted an embryotoxic effect, since about half the fetuses of the mother animals
were rsorbed or expelled as miscarriage. The.embryotoxic action of the products -
of metabolism of this flavobacterium rhenanus and of this enterobacter strain,
however, was considerably weaker than that of the other enterobacter strains,
vhich already after the single injection practically caused the death of all the
fetuses. In its cultural properties also, the enterobacter germ differed from

those of the other enterobacter strains.

These investigations reveal that the sterile filtrates of broth cultures, inoculated
with enterobacter germs and incubated for 48 hours at +37 C, exerted an embryotoxic
effect, - '

In order to determine whether other strains of the same genus had an embryotoxic
effect, sterile filtrate of broth cultures of the aerobacter aerogenes strain 17
(Dr. F. Selenka) and of 3 enterobacter cloacae strains (Dr. B. Schmidt) were
tested (The long footnote at.this point merely expresses thanks to these two

university lecturers).



The sterile filtrates of the enterobacter strains defined caused the death of
241 out of 253 fetuses of the 34 mother mice, after a single injection on the

L ™

1lth: day of gestation (See Figure %).

A 1% aqueous mucilage from Persian tragacanth, after repeated subcutaneous injection,
had no embryotoxic effect. - Hence, a broth culture made sterile by filtration

was prepared from the same gragacanth charge in the way described above. This
filtrate was injected under sterile conditions subcutaneously in 18 mice from

the 11th to the 15th day of gestation in doses of 0.2 ml/animal. Furthermore

S gravid mice were treated in the corresponding way with a broth culture made

sterile by filtration; this filtrate had been prepared with enterobacter cloacae 403&;
The 8 control mice received individually 0.2 ml of empty broth.

The fetal development of the 23 mother animals, treated with sterile filtrates

of broth culture (obtained from Persian tragacanth No. 2 and from enterobacter

cloacae 4034), did not differ from the 8 control mice treated with empty broth.

These "subcutaneous tests" corroborated the assumption that the embryotoxic
effect (observed after intraperitoneal injection in NMRI mice) of tragacanth
contaminated with bacteria of the genus enterobacter, is due not to a systemic

but to a direct action on the uterus and on its vgcular system.

In the tests reported at the beginning of this study, a single intraperitoneal
injection of a 1% Persian tragacanth mucilage was followed, especially on the

12th day of gestation by increased malformations and especially by cleft palates
_(See Table 6). Hence, tests were conducted in order to determine whether the
products of metabolism of enterobacter in doses, which practically no longer killed
all the fetuses or produced resorption or miscar:iage, ptssibly caused increased

malformationse.

For this test, a sterik filtrate, which had been obtained from a broth incubated
for more than 48 hours with enterobacter strain 2, was injected in gravid mice
in doses of 0.2; 0.1l; 0.05 and 0.0l ml per animal once on the 12th day of

gestation.



Like in the previous tests, on the 1llth day of gestation, after a single
intraperitoneal injection on the 12th day of gestation of 0.2 ml/animal of

the sterile filtrate of broth culture, practically all the fetuses were resorbed
or were expelled as miscarriage. The two surviving fetuses of the "O.l1l ml group¥
had uranoschism. After the injection of 0.05 ml/animal, about half of ‘the ‘
fetuses were killed, and even after the administration of only 0.0l ml/mouse
still 16 of the 75 fetuses were resorbed, and 2 were expelled as miscarriage.
Four of the 79 living fetuses of these fwo series of tests had malformations,
especially cleft palates and some malformations of the extremities with

extended subcutaneous bleedings.

In order to exclude the possibility for products of metabolism of the gram
positive germ found in-the different tragath specimens to possess an embryotoxic
action, broth cultures made sterile by filtration were prepared under the same
conditions as in the case of the gram negative germs from the different grém
positive aerobic sporiferous bacteria (Bac. mesentericus and subtilis) and
diplococci, which had been isolated from Persian and Indian tragacanth; and
these cultures were used in injecting intraperitoneally mice from the 11th to
the 15th day of gestation with 0.2 ml/animal daily.

In the same way, sterile filtrates of broth cultures of different other germs,
stemming from the collection of the Industrial Hygiene Pharmacological Institute,

such as E. coli I, Staph. aureus SG 511, Bac. subtilis and Bac. mesentericus,
were tested.

Neither the sterile filtrates of broth cultures of the gram positive germs
isolated from Persian and Indian tragacanth, nor the concomitantly tested control
filtrates of E. coli, Staph. aureaus .SG 511, Bac. subtilis and Bac. mesentericus

possessed an embryotoxic action on the 103 gravid NMRI mice used for these tests.



8. Effect of the Use of the Autoclave on the BEmbryotoxic Action of Stérile
Filtrates of Enterobacter Broth Cultures:

In order to find out whether through the use of the autoclave the embryotoxic
action of products of metabolism contained in the sterile filtrates of broth
éulturgs of enterobacter strains is decreased or eliminated, sterile filtrates
of broth cultures of the strains Aerobacter aerogenes strain 17, Enterobacter
cloacae 4034, Enterobacter strain from Persian tragacanth No. 2 and Enterobacter
strain from Persian gragacanth No. G-jere subjected to a single treatment for
15 minutes at 120 C in the autoclave. These sterile filtrates of broth culture,
thus treated, were injected once daily intraperitoneally in gravid mice

‘once 0.2 ml/ animal on the 1lth day of gestation or from the 1lth to the 15th
day of gestation in amounts of 0.2 ml/ animal (See Figure 6). ’

Figure 6: Embryotoxic effect of broth cultures (obtained by sterile filtration)
from Enterobacter strains after the use of the autoclave for NMRI mice.

mm Resorptions. mrzooﬂiscarriages, ez Malformations. J Living fetuses.
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The use of the autoclave 1or 1§b§§h%€es weakened the embryotoxic effect of the
products of metabolism of the_diffefent enterobacter strains, but failed to suppress
it; after the five time intraperitoneal injection, about the half of the fetﬁses |
of the mother animals treated were resorbed or were expelled as miscarriages.

e autoclaved sterile filtrate of the broth culture from Enterobacter cloacae Loz
was just as embryotoxic as the corresponding nonautoclaved sterile filtrate,

since after the single injection on the 11lth gestation day 77 out of 104 fetuses

were expelled as abortion and 16 were resorbed.



Discussion:

Distilled water, Ringer‘'s solution, the 1% mucilages of gum arabic, carrageen or
guar, used in manufacturing suspensions or ermlsions, and even 1% aqueous talc
suspensions do not influence the fetal development of NMRI mice after a single
intraperitoneal injecticn,‘or after several, in the sensitive phase of gestation.
Under the same experimental conditions, however, once mother mice® have been
treated with 1% aqueous mucilages from_8 different Persian tragacanth specimens,
the death and subsequent resorption or expulsion of all the fetuses occur.

On the other hand, mucilage from 2 Indian tragacanth specimens exerts no effect,

like the other natural substances tested, on the fetal development.

The mice;fetuses most easily injured are those involved in the treatment administered
in the middle of the gestation period (11th and 12th day of gravidity). In the
stage of advanced organogehesis, the fetuses become increasingly more resistant
to the embryotoxic effect of Persian tragacanth. Thus the sensitivity of mice-
embryos to pure tragacanth, during their development, is just as different as

to known chemical or physicai teratogenic noxa (WILSON, 1965; RUGH and GRUPP, 1959
as well as OETTEL and FROHBERG, 1965, 1965)..

In all the mother mice, treated with a 1% acueous Persian tragacanth mucilage
intraperitoneally, dissection revealed inflammatory changes'in the abdominal
cavity. Hence at first it was assumed that the peritonitis, produced by the
intraperitoneal injection, was the cause of the fetal injury, especially .. ...~
other natural substances, which do not affect the fetal development, like the
investigated Indian tragacanth-, agar, or carrageen specimens which even after
repeated intraperitoneal injection in the form of 1% aqueous mucilages do not
exert a stimulating effect. There is an objection, however, against peritonitis
as cause of the embryotoxic effect of Persian tragacanth: 1% aqueous gum arabic
and especially talf'suspensions after repeated infraperitoneal injection in mice
cause stronger inflammatory stimulaticns in the abdominal cavity than Persian
tragacanth, although these suspensions have just as little effect on the fetal
development as Ringerts solution or distilled water. Even through five time
intraperitoneal injection of a 10% aqueous gum arabic or talﬁ suspension, the
fetal development , despite most sivere peritonitic inflammations and massive

adherences of the ingesta in the rother animals is less disturbed than through



a single injection of 1% mucilage from Persian tragacanth. Hence, the peritoneal
stimulation produced by this j%agacanth after intraperitoneal injection should not

be the cause of its embryotoxic action.

In contrast iith the intraperitoneal tests, Persian tragacanth mucilage in oral
application even after repeated administration of large amounts, affects the fetal
development of mice just as little as the other tested natural substances.

Hence - as far as a posteriori conclusions can be drawn from animal tests and
applied to humén beings - there should be no hesitation, from the embryotoxic
effect standpoint, to continue the utilization of Persian tragacanth, beside other

natural substances, as an addition to food.

A cytotoxic effect, described by ROE (1959), GALBRAITH, MAYHEW and ROE (1962)

as well as MAYHEW and ROE (1964) in the case of Persian tragacanth on the basis

of inveétigatiqns with some mice-ascites-tumors, must be excluded, according to

the investigations presented here, as cause of the observed embryotdxic effect

of pure tragacanth, since the Persian tragacangh specimens, that we tested, like
the other natural substances, possess on the Ehrlich ascites carcinoma of the mouse

no significant antineoplastic effect after intraperitoneal injection.

Accor&ing to our investigations, it is rather bacteria or their products of
metabolism that must be made responsible for the embryotoxic effect of the Persian
tragacanth charges tésted.i This is shown already by the decrease of the embryotoxic
action of aqueous mucilage from Persian tragacanth after sterilization, and especially
by the presence of gram negative coccoid rods of the genus interobacter in all
thé7investigated Persian tragacanth specimens, which are not found in the two Indian
btragacanth specihens. The considerable lack of Bacteria in Sterculia-rubber

should be attributed to the solubilizétion of this commercial product through the
autoclave (Merck Index, 1968). The products of metabolism of the individual
isolated fnterobacter strains, injectéd intraperitoneally in the form of sterile
filtrates of broth cultures in gravid animals, exert a higher embryotoxic effect
than the original tragacanth mucilage. The products of metabolism of bacteria

of these Enterobacter strains should represent thus the real active form.

The control tests, conducted with defined Enterobacter strains, show that the
enbryotoxic effect is specific for the bucteria products of metabolism of the

isolated bacteria genus (Enterobacter).
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" The gram positive aerobic sporiferous bacteria and diplococci, isolated from

Persian tragacanth, generate no products of metabolism with embryotoxic action.

In the same way behave also the gram positive germs, which were isolated from the
Indian tragacanth specimens, or had been borrowed from the collection of our Institute.
The broth culture, filtrated under sterile conditions, of an E. coli-strain used

for comparison did not have an embryotoxic effect either.

Hence, according to the.investigations, the gramnegative germs, isclated from the
different Persian tragacanth specimens, of the genus Enterobacter or their products
of metabolism are the cause of the embryotoxic effect of Persian tragacant after
intraperitoneal injection for NMRI mice. Nothing precise can be stated about the
nature of these products of metabolism of bacteria. Since, however, the used of

the autoclave for 15 minutes at 120 C only weakens, but does not eliminates,

the ambryotoxic effect of sterile filtrates of broth cultures of Enterobacter,

the effective substance must consist at least of a thermolabile and of a thermostable
constituents. Whether the thermolabile constituents involves albumins, and the
thermostable part possible polysaccharides - like this is known from endotoxins’

of gram negative gerns, must be clarified through further investigations. .

Our im.\restigat.ions with decreasing doses of a sterile filtrate of broth culture of
enterobaciér on the 12th day of gestation show that the number of the dead fetuses
decreases in proportion to the dose injected; but that malformations are not
increased. Hence it can be concluded that the resorptions and miscarriages, observed
in our tests, very probably are no signs of a pure teratogenic action of the
products of metabolism of the bacteria. ' '

It is possible that the fetal death is due to massive placenta bleedings, caused
by ‘the products of bacteria metabolism of the Enterobacter strains. This might
shown by the observation that in some mice, killed immediatly after vaginal
bleeding was clinically found, fresh bleedings were detected on the surfaces of
the placenta without any fetal residues (state after abortion) and in those with
attached fetal sack in which the fetuses in the process of rescrption lay.
Placenta bleedings, connected with the death of the fetuses, were observed also
by THIZRSCH (1960) in pregnant rats after injection of lipopolysaccharides,

obtained from gram negative bacteria. _The cause of the placenta bleedings
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could be a disturbance of the blood coagulation, since for dogs, intravenous
1njectlona of tragacanth mucilage are deadly on account of the .effect exerted
on the blood coagulation (WALTON and others, 1959). Such a mechanism could also
be implied by the increase of the vascular permeability and lengthening of the
time of coagulation found as a result of lipopolysaccharide action, by WESTPHAL
and Collaborators (1955).

After repeated subcutaneous injection, a tragacanth mucilage, contaminated with
bacteria of the genus Enterobacter, as well as the sterile filtrates of broth
cultures manufactured from this tragacanth charge and Enterobacter cloacae 4034, did not

-influence the fetal development of the NMRI mlce. Hence it must be assumed that

the embryotoxic effect, observed after intraperitoneal injection in NMRI mice, of
different Persian tragacanth charges, which were contaminated with bacteria of
the genus enterobacter, and of sterile filtrate of broth cultures of Enterobacter,

is not due to a systemic effect, as for instance a general disturbance of the

- blood coagulation, but to a direct action on the uterus and its vascular system,

For the practice, it results from the ihvestigations presented in this study that:

1. Suspensions and emulsions, which can be contaminated by bacteria of the genus
Enterobacter, should at much as possible not be used in testing the possible .
teratogenic effect of water insoluble substances on the mouse by means of
intraperitoneal injection, and

2. Substances, which cause an increasing of the vascular permeability, or possess

‘considerable vasodilatatory or vasoconstrictory effect, and must be applied

par@hterally, should not be injected intraperitoneally when testing the teratogenic
effect, in order to prevent a fetal injury caused by a local perfusion disturbance

of the uterus.
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urethan and phenobarbital. The results from the combination of different routes of
administration support this last conclusion.

In the experiments in Table 2, one further aspect is seen. In one situation gum
tragacanth was administered simultaneously at 24 hours with either urethan. or

e, . TABLE 1
E¥rFeCT oF VARIOUS AGENTS GIVEN 24 Hours EARLIER 0N FEXOBARBITAL SODIUM (150 »1G6/xG)
SLEEPING TMES

Expt. Pretreatment, route Number of mice Sleeping time
K'Y C - (9) 831444
Gt, ip. . (10) .t Bl5+29
- GT, s.c. . (10) 90.1 =48
GT, p.o. _ (9) 717727
b C (9) 64.7 =46
U, ip. {10) * 45617
U in GT, ip. (10) . 2 68538
Uin GT, se. (10) * 51141

U in GT, po. - ‘ © (10) * 36434
c c ' (&) ’ . 643358
P, ip. (1) * 38527

P in GT, ip. . (9 : . %488+%25 .
P in GT, sc. _ ©(10) * 498424
P in GT, p.o. ’ ( 8) _ * 38034
d o ' (9 _ 7143 %67
U, po. - (10) - . * 41725
U, po. 4+ GT, ip. (9) . 913+173
e (o . - (10) 811 +35
: . P, p.o. . (10) - % 44124
P, po.4-GT, ip (10) 4674
f ’ C (10) _ 76.7 x 62
U, s.c. (10) * 48050
U, s.c. + GT, i.p. (10) ) ’ 816459
g C ¢E) 0 912+64
P, sc. [§9)) o * 66.7 56
P, sc, + GT, ip. (11) 100.7 = 64
b - c : (o) 680 6.7
U, s.c. (10) *443+36
U, sc. 4 GT, p.o. ’ (10) * 464 3.7
U, po. (9 ‘ * 444+38
) U, p.o. 4 GT, s.c. (10) 61.7 £33
i c - 1) 98.1+ 74
: P, p.o. (10) : C % 614 +64
P, po. 4+ GT, se. (10) * 76638

8 C = control; GT = gum tragacanth, 0.1 ml/10 g body weight of a 1 suspension; U =
urcthan (1200 mg/kg); P == phenobarbital sodium (100 mg/kg); * = standard error; * = P
value less than 0.05 compared to control by # test.

phenobarbital. In this case, the effects of the urethan and the phenobarbital were
blocked. On the other hand, gum tragacanth administered 24 hours after the urethan
or phenobarbital (48 hour pretreatment) was certainly not as potent in blocking the
effect of the urethan and phenobarbital. To reiterate, gum tragacanth given at the same
time as the agents blocked the efiect whereas if the agents preceded the gum traga-
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canth, the latter did not block the effect. It appcared that once the system was “in-
duced,” gum tragacanth did not affect it. Fujimoto and Plaa (1961) arrived at a
similar conclusion with respect to ethionine and CCly action on the liver.

DISCUSSION

Quinn ¢t al. (1954) have shown that the duration of the response to hexobarbital
is proportional to the biologic half-life of the drug and is inversely related to the
activity of the metabolizing enzyme system in the liver microsomes. Therefore, it is
not unexpected to find that agents which damage the liver increase hexobarbital sleep- :
ing time and agents that increase microsomal enzyme activity for metabolizing hexo-

TABLE 2
ErricT OF VARIOUS AcEXTs GIVEN 24 AxD 48 Hours EARLIER ON HEXOBARBITAL Sobrom
(150 2G/KG) SLEEFING TvME®

Pretreatment, route, time Slecping time
C : 1078 = 6.6
U, po., 24 hr . * 602 + 60
U, po., + GT,ip, 24 br 96.5 - 9.0
GT, ip, 24 Ihr ‘ : - 113.5 %97
U, po., 48 hr . * 53546
U, po., + GT,ip, 24 bhr . * 54440
C . ’ ) 964 = 5.7
P, po, 24 hr ~ . 563 + 3.9
P, po., + GT,ip, 24 br ’ : * 772452
GT, ip, 24 br ’ . 117.2 87
P, po., 48 hr . ' * 267+ 2.1
P, po., + GT,ip, 24 br * 416435

¢ Ten mice in each group. For abbreviations sce Table 1, footnote a.

barbital shorten sleeping time. In these regards hexobarbital sleeping time affords one
possible measure of liver function. On this premise, ‘the results indicate that gum
tragacanth, which had no effect on control sleeping time, has little functional effect on
the liver. However, Fujimoto and Plaa (1961) have shown that ethionine and CCl, at
low doses may not appreciably affect control sleeping time but can be shown to block
the “inducing” action of urethan and phenobarbital. A similar conclusion can be made

" on the present gum tragacanth data. The sensitivity of the “induced” system to

ethionine and CCl, is understandable in that some of the carliest changes to ethionine
and carbon tetrachloride are notable on the microsomal fraction (Neubert and
Maibauer, 1959) and the endoplasmic reticulum (Reynolds, 1963). On the other hand,
why the “induced” system should be sensitive to gum tragacanth is problematical. As
far as is known, gum tragacanth is rapidly taken up by the reticuloendothelial system
of ‘the liver. Yet, no direct relationship has been established between hexobarbital
metabolism, “inducing” effect, and the reticuloendothelial system. Thus, in the present
paper, there is no attempt to assess the similarity or difference which may exist be-
tween the ethionine and carbon tetrachloride as against gum tragacanth-produced
block of the “inducing” effect. »

The sensitivity of the “induced” system to blocking agents suggests that this
system might serve as a test for hepatotoxic zgents (Serrone, personal communica-
tion). Such a test could compare favorably in scmmvny to the sulfobromophthalein
mcthod of Kutob and Plaa (1962).
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SUMMARY

Gum tragacanth has no cffect on control hexébarbital sleeping time in mice. The effect of pheno-
barbital and urcthan pretreatment to induce a shortening of hexobarbital sleeping is blocked by
intraperitoncal injection of gum tragacanth. These results demosstrate the presence of a hepatic
effect of gum tragacanth.

ACKNOWLEDGMENT
The author wishes to acknowledge the capable technical assistance of Louis E. Estingoy.

. REFEREXCES

Fuynoro, J. M, and Pras, G. L. (1961). Effect of ethionine and carbon tetrachloride on
urethan and phenobarbital induced changes in hexobarbital action. J. Pharmacol. Exptl. Therap.
131, 282-286. .

Fujnoro, J. M., Brickexstarr, D. E., and Schverer, F. W. (1960). Urcthan induced accelera-
tion of hexobarbital metabolism. Proc. Soc. Exptl. Biol. Med. 103, 463-465.

Kvuros, S. D, and Pras, G. L. (1962). Assessment of liver function in mice with bromsulphalein,
J. Appl. Physiol. 17, 123-125. .

Neveerr, D, and Maresver, D. (1959). Vergleichende Untersuchungen der oxydativen Lei-
stungen von Mitochondrien und Mikrosomen bei experimenteller Leberschiidigung. Arch Exptl.
Pathol. Pharmakol. 235, 291-300. .

Quixx, G. P, Axerrop, J., and Bropig, B. B. (1954). Species and sex differences in metabolism
and duration of action of hexobarbital. Federation Proc. 13, 395.

Reyyer, H.  (1958). Der beschleunigte Abbau von Pharmaka in den Lebermikrosomen unter
dem Einfluss von Luminal. drck. Expil. Pathol. Pharmakol. 235, 279-290.

Revsoros, E. (1963). Liver narenchymal injury. X. Initial alterations of the cell following
poisoning with carbon tetrachloride. J. Cell Biol. 19, 139-157.

Serrove, D. M, and Fujnoro, J. M. (1962). The effect of certain inhibitors in producing
shortening of hexobarbital action. Biochem. Pharmacol. 11, 609-615.



- R ——

e A S

—

L2

Brit. 37 Cancer 16(1):163~ 169, 1562.
MODE OF INHIBITORY ACTION OF TRAGACANTH POWDER ON

THE GROWTH OF THE LANDSCHCTZ ASCITES TUVOUR
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It has been shown (Roe, 1959) that Tragacanth Powder inhibits mouse ascites
tumour growth in vivo. Samples from various species of Astragalus have been
tested and growth inhibitory activity is present in all. It has been shown to be
ureater for the higher-grade commercial powders. hut does not reside in various
gums of different botanical origin which have been tested, nor in a variety of
other polysaccharides. The inhibitory cffect is destroyed by mild chemical and
physical treatment of the powder and experiments to date suggest that it depends
on the maintenance of a speeific structure in the main macromolecular component
of the gum, i.e., in one, or a mixture of polysaccharides. Details of the above

speriments will be published separatelv. This paper is an account of further
work concerning the mode of action of Tragacanth Powder (T.P.).

T.P. inhibits mouse ascites tumour growth when injected intraperitoieally.
In the experiments reported bhelow the Landschitz ascites tumour w2s used,
inoculated in G+ (malz) or ('— (male or female) mice (C.B.R.IL. strain),

The present report is divided into four sections :—

1. Dead cell counts.
II. Mitotic Index counts.
ITI. In vitro-in vivo experiments.
IV. Polysuccharide staining.

I. Dead cell counts

Certain dyes are recognised as indicators of cell' death. Lissamine Cireen has
been the indicator preferred in these experiments as it is non-toxic in the con-
centrations employed (Goldacre and Svivén, 1959; Holmberg, 1961).

Ascites tumour cell suspension from a single mouse was placed in both halves
«f a Burlzer counting chamber, diluted 1 : 2 in one side with an isotonic solution
of the dye to act as a control, and in tle other side with an isotonic solution of
dve and T.P. in various concentrations. The pereentages of cells stained after
3, 10, 20, 30, 40, 50 and 60 minutes could then be noted for both control and

* treated suspensions. Counts were made using T.P. conceutrations of -1 and 1-0

. per ml. of cell suspension, dye concentrations of 1:200 and 1 : 2009, and
Tmours from 4 to 14 days old. A {-doy-old tunisur is the youngest from which
fid may readily 1e exiracted, and after shout 14 da ¥3, untreated tumour-bearing
mee vsually die. Tle 71 was added untreated, or deactivated by boiling for
3 unutes,

Tt wny then thoucht Cesirable to repeat the Cend ecell counts alicr langer

e wens Uozontact wLS Chn T thaie hie G0 st s Srevinnery eiieunied Ao
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without the unecriainties (e.z. due to louc -7 vg erneriniends,
For this purpose & evlture apperatus wes marle, “ime of b0 identicn! cutture
vessels providced with & gas reservoir containing 5 per cont €0, in air, an air pump
which gently agitated the fluid in the vessels to prevent the scttloment of cells
on the inner surfaces, and & U.V. lamy illuminsting two quartz tubes in the gas
pipes so that the culture vessels remainen sterile and " from the non-sterile
pump and gas reservoir. The eultvras vere maintnined o 26% Saiaples could e
removed from the vessels by inserting a long syringe needle through o Tubber teot
without breaking the sterile conditions. It was possible, therefore, to remove ant
count a serics of samples at intervals during an experiment and to note the change
with time in the percentage of dead cells for centrol and treated samples. the T.P.
being in the culture medium of one vessel. Earle's medium was used (Earle, 1943),
i.e. a solution of inorganic salts and glucose only, a3 it was not necessary to
maintain the culture for long periods or for the cells to multiply, and it was
considered advisable to avoid the complications introduced by animal extracts.
By these methods the cultures were easily maintained in a healthy state for over
24 hours, and occasionally up to 72 hours. Cell concentrations were 1-8-6-0 x 108
per c.c. in these experiments and T, ecneentretions varied from 0-3 to 1-0mg. ‘mi.

However, in spite of the known inhibitory activity of T.P. in vivo, no signiticant
differences could be tound between the control and treated cells in any of the above
experiments except possibly at 24 hours on occasions when the culture was mori-
bund (Table T). Similar results were cbtaincd in tie few experiments in which
Methylene Bluc was used as an indicator of ecll deatlh.

Thus, since T.P. appears to have no toxie effect on the interphase tumour cells.
it was decided to investigate possible effects on the Mitctic Index.

TaBLE I.— Percentage Deaths of Ascites Tumour Cells After Treatment In Vitro with
T.P. (Indicator, 1 : 2000 Lissamine Green)

Time in minutes
A

5 10 2 30 40 50 60
Controls .. . . 14 1-8 2.2 §-4 2.3 2.7 2.9
0-1 mg. 'l TP, . . .11 0-8 1-7 2.0 2-1 2-3 2-8
1-0 mg./ml. T.P. . . .17 2-0 2-3 2-4 2-5 2.7 2.8
1-0 mg. 'ml. T.P,, de-activated 1-0 1-7 2.1 2.2 2.9 2-4 2-7

Time in hours

| — Al

0 1 2 3 4 6 24
Controls . . . 1.4 1-4 0-9 33 2.4 3-3 17-6
0-3 1ng./ml. T.P. . 1-6 10 03 | S 27 —_ —
-5 myg.'ml. T.P. . 0-9 0-5 — 2-9 — 43 249
1-0 mg./mnl. TP, .13 0-8 06 20 1-8 — 22.9

11 JMitotic Index counts

For this purpose aceto-orcein squashes were made at daily intervals from the
ascites tumours of contro! mice and mice treated intraperitoneally with different
doses of T.P. at the 7th day after tumour inoculation. Two foctors ennfused the
results : first. the wreat inercase in neutrophils and lymphoeeytes in the o ated
mice and, to a lesser extent, in the controls as the tumour aged ; and secondly.
the presence in the treated samples of ascites eclls with pyenotic nuclei of two
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“verieties, dense and lobed (d and 1 respectively in Fig. 1) which can be confused

- with the lymphocytes and neutrophils respectively. The appearance of the cyto-

plasm can be used to distinguish these, however, for the ascites cells are larger and
have more granular cytoplasm than the while blood cells.. Pycnosis is partly a

. matter of definition, since abnormal cells ean be recognised which may not be

considered fully pyenotic. A provisional definition was made whereby the absence
of a recognisable nucleolus denoted a pyenotic nucleus. :

. - Theresults are shown in Tables 1I (a) and (b) and Table III. ‘From Table II (a)

it can be seen that T.P. in the higher doses completely inhibits mitosis, while in

lower doses there is moderate inhibition with recovery by the third day. Boiling

the T.P. destroys the mitotic inhibitory activity. In one experiment, the stages
of mitosis were also counted (Table IT (b)). It can be seen that all stages, even

. prophase, are much less frequent in the treated cells. From Table III it is clear

that the percentage of pycnotic nuclei increases with ircreasing doses of T.P.
There is a large increase in the number of neutrophils and, to a lesser extent, in
the lymphocytes also.

TasLE II (a).—Mitotic Tndex Changes with Time for Different Doses of Tragacanth
Powder per Mouse (Administered Intraperitoneally ; T-day-old Tumour)

24 hr. 48Lr. 72 hr. 96 hr.

Mitotic index per econt . .. Controls . . . 11 1-5 11 1-2
1 ng. . . . 0-2 0.2 0-8 —

2mg. . . . . 03 0-2 1-1 1-3

4 mg. . - . 00 0-0 0-0 0-0

4 mg. de-activated 0-8 1-2 1-5 1-1
Thousands of Ascitea cells counted Controls . . 34 30 18 10
_ Img. . . . 20 20 - S—
2 mg, . 14 10 4 4
4 mg. . 8 10 6 2
- 8 8

4 mg. de-activated 8 8

TABLE I (b).—Percentages of Ascites Tunwur"C'eHs\in Various Mitotic Stages.
Prophase Metaphase Anaphase Telophase  Cells counted

Controls, 24hr. . . 033 . 05 . 014 . G098 . 6000
48hr. . . 063 . 07 . 010 . 016 . 8000

Treated, 24hr. . . 009 . 003 . 000 . 00 . 8000
(Qmg) 48hr. . . 000 . 000 . 002 . 060 . 8000

Fig. 1 shows the appearance of fixed and stained ascites tumour cell squashes
from control and treated mice. Control cells show their normal appearance.
Treated cells have numerous droplets in the eytoplasm and frequently pyenotic
nuclei and in the later stages there is extensive cell breakdown.

I1. In vitro-in vivo experiments

It was of interest to discover whether, if T.P. was applied to the cells for a
short time and then removed, its anti-tumour activity would be shown, and if so,
what was the minimum period of application. Therefore, a series of experiments
was performed in which ascites tumour cells were maintatned for varying periods
in the culture apparatus either with (B, Table IV") or without T".P, (A ie. con-
trols). The cultured cells were then removed, washed with saline, spun twice in
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TasLe II.—Clanges with Time in the Percentages of Pycnolic Ascites Tumour
-~ Cells, Neutrophils and Lymphocytes for Different Doses of Tragacanth Powder
(Conditions as in Tuble 11) . : ‘

.

. . o 24'hir. 48 hr. 72 hr. 96 hr.
- Pyenotie ascites tumour cells  Controls . . .11 1-1 1-2.° 08
- Img. . . . 31 66 52 -
2 mg. . . - 31 3-6 5-3 105
4mg. . . . 137 50 13-4 188"
. : . 4 mg. de-activated . 0-3 0-4 0-3 0-4
. Neutrophils, pereent . .. Controls . . . 20 58 3-0 2-0
) ’ 1 mg. S . 84 15-1 7-1 -
2mg. . . . 64 833 127 14-1
4 mg. . . . 205 64-53 53:3 46-6
4 mg. de-ectivated 2.2 2:6 2-2 1-9
. Lymphocytes, per cent . Controls . . . 3-6 2-4 2-1 1-1
Img. . . . 38 31 27 —
2mg. . . . 20 80 95 132
dmg. . . 79 122 137 13-2
4 mg. de-activated 1-2 0-9 1-3 1-0
Thousands of cells counted . Controls . . . 28 26 18 10
Ilmg. . . .16 16 8 —
2. mg. . . . 10 10 4 4
4mg. . . . 8 8 6 2
4 mg. de-activated . 8 8 8 - 8

a centrifuge at 2650 g. for 3 minutes (to remove surplus T.P. from the treated
cells, B) and resuspended in isotonic saline. The cells were inoculated into batches
of fresh mice (A) and (B). A further batch of mice (C) was inoculated with cul-
tured cells which had been treated with T.P., centrifuged as above and re-suspended
in their treatment medium. Thus, in column A in Table TV are shown longeviiies
of the mice inoculated with cells which had no contact with T.P.; in column B
- are the corresponding figures for cells treated with T.P. for the length of time

TaBLE IV.—Survival of Mice ip Days After Injection of T.P.
Treated Ascites Tumour Cells

Length of in vitro treatment A B c

5 minutes . . . 24-0 . 19-2 . 414
hour . . . . 15-4 . 24-4 33-2
5§ hours . . . 17-2 . 80-8-+ 90-0+-
24 hours . . . 19-3 . 33-6 73-0-
. EXPLANATION OF PLATES.
) ’ Fic. 1.—Aceto-oresin squash preparations of ascites tumour cells.

A. Control.
B. 24 hours after treatment with Tragacanth Powder, 2 mg. /mouse.
C. 48 hours after treatment,

=)

. 72 hours after treatunent,

9

Fia. 2.—-Ascites tumour cells stained with Hotehkiss' stain for polysaccharides.

A. Control,

B. Treated for 1 hiour with 1 mg./m}. Tragacanth Powder.
Centriluged and washed befure staining. ’

C.  As B, but nut centrifuged or washed betore staining.






————

Galbraith, Mayhew and Roe,

‘




raT—— - W - -

- MODE OF ACTION UF TRAGACANTH POWDER 167

given in the tabie; and in columm C are results for cells siill in contact with
T.P. while in the peritoneal cavity. '

Each figure is the average survival in days of 5 mice. The figures with — signs
indicate that not all the mice in those batches were dead when the experiment
was terminated.

Control mice {A) inoculated with cells kepe in saline for 5 minutes lived longer
than the other A mice because it was not possible to use the culture apparatas for
such a short experiment. ard the tumour was therefore not so well protected from
temperature shock and infection. Similarly, in the other three batehes of A mice
length of kfe increased with length of in vifro coll culturing due to progressive

. detetioration of the culture. Nevertheless. by comparing columns A and B, it

can be seen that T.P. treatment of & hour or mere inhibited the tumour growth
amld incrensed the life of the mice, while 5 minutes” treatment had no effect.
Column (! mice showed greater longevity than B mice, since the treatment was
continued intraperitoncaliy.

IV, Polysaccharide staiiiing e . .

Since the pwain constitnert of T.P. is 5 mixture of polvsacchavides (James
and Smith, 1945 ; Hirst, 1951), the Hotchkiss stain for polysaccharides (Glick,
1949) would bo expeeted to cive o positive reaction. Normal, untreated ascites
tumour cells stained by Hoichkiss” methed after Carnoy fixation show only slight
positive staininc, which appeats in the cytoplasm, and, in some cells, is con-
cenirated jn sphicrical evtoglesmice cranules.

To test for pelysaccharide in T.P. trerted tumour colls seven-day-old ascites

tumour was rewoved from mice and incubated with T.P. solution, 1 mg. ml. in

Physiological exline at 377 (., for different times. The concentration of cclls in
the suspension was 20 X 107 ceiis.c.c., and eliqquots of the cell suspension were
removed afier incubation for 5 minures, 30 minutes, 1 hour and 3 hours. Smears
of these cells were then fixed in Carnoy, stuined by the Hotchkiss method and
examined under high power and compared with control tumour cells which had
been incubated in saline alone. Further aliguots of the cell suspension incubated
with T.P. were centrifuged. washed in saline to remove excess T.P. and fixed
and stained as above.

Some results of these exporiments are illustrated in Fig. 2. "Adjacent to the
cell membrane in cells ineubated with T P, positively staining material was
found which was absent in the controls. The steined material scemed to form a
‘ayer on the cell membrane. In uncentrifuged cells the membrane appeared to be
sompletely covered while in most of the washed ecells the coating was reduced.

These results suggest that 'I'.P. attaches itself to the cell membrane within the
first half-hour of in itro treatment. Even after centrifuging the staining remnains
visible showing that the binding is strong.  Further experiments are in progress
to detect any later penctration of the I.P. into the tumour cells, and any changes
in their surface properties on treatment.

DISCUSSIUN

From the above results it appears that the immediate action of T.P. on the
ascites tumour cell is to attach itself to the cell membrane. The dead cell counts
show that this does not alter the cell permeability to the vital stain Lissamine
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"in our ovn: preliminary experiments with mecitm T.P. doses (1 or 2 mz. in a 12-

day-old tumourj although at higher deses (o or 10 mez. in & 3-day-old tumour} cell
shrinkage oceurs. The che nges in volume Cl the treated cells suggest an alteration
in their permentility whick is undetected by Lissamine Green tects and experi-
ments are in progress to investizate the L')tune of a different vital stain, i.e. the
basic dye, acridine orange. ’

From the in vitro-in riro experiments, it seems that T.P. acts on the cells
within half an hour to reduce mitotic activity. while the his *ochemlcul taining
shows that the polvsaccharide component ¢ Coes not penetrzte the cell in this time.
Of course, non-staining constituents of the T.P. may nenetrate the cell, or it mayv
decompose slowly at the cell surface and its products may exter the cell. Alter-
natively, it is possible that T.D. ¢onstituonts c""t::" the coll prevent inteke of
essential nutrients or exit of toxic products cf eell metabo.;..... Related e-‘perx-
wents have been reported recentl Ly \'c*"g""x. S¢zhimann and Anderson (1861)
using ¢ fluorescent derivative of the basic nolrpeptide polvivsine. This was incu-
bated with Ehriich ascites tumeur cells, against which it shows a grewth-inhibitory
effect in vivo. Very littie. if any, of this nolvrep“fle appeared to enter the cell<
within the time of the e\mcm'x '1* (10 minutes', but mest of the material was
observed hound to the cell ace in fluoTeseont clumps. It is possible that in
experizr‘ents stch as these the c..m*em polelectrolytes are distinguishing different
areas of specific charge on the ceill membrane.

However it may oceur. the net result of T.P. treatment of the ascites tumour
cells is the suppression of mitosis. prehably as a direct effect durinz interphase or
early prophuse which manifests itself in the prophase counts. Very few meta-
pha.._e nuclei are found. The cells blocked during division degenerate into a pye-
notic state and later disintegrate. Inerccse in Swhite blood “eell ‘counts possibly
oceurs as a response to the breakdown products of the tumour cells. although
Belkin et al. (1939) also noted a pronounced intraperitoneal leucocytosis aiter
injection into the Sarcoma 37 ascites tumour of thoxr T.P. sample. w hich did not
cause cell swelling and vacuolisation.

SUMMARY

Tragacanth Po“der (T.P.) inhibits ascites tumour growth in mice. "Evidence
is put forward to show that T.P. bueomes :.a.' 1ed to the cell membrane. and that
it acts as a mitotic Llock, probably indirectly, the direct cfiect occurring in the
interphase or eczrly prophase cell.
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“TEB ADLERGENIC PROPERTIES OF THE VFGETABLE GUMS
.. A CASE OF ASTHMA DUE To TRAGACANTH

H. HaroLp GerLrFaNp, M.D.
NeEw Yorg, N. Y.

FPORTS of sensitivity to various commercial gums have appeared

inereasingly during the past decade, with gum arabic (acacia,
md karaya most often found to be the causative agents. The usual mode
of entry is by inhalation, but ingestion ‘and surface contact also have
sceoumted for some cases. . The symptoms include vasomotor rhinitis,
bronehial asthma, urticaria, atopic dermatitis, angioneurotic edema, and
n:::omtestlnal disturbanees. In a large majority of cases sensitization

eerurs through occupational contact with the gums, and eclinical symp-
+yas arise only after a eonsiderable period of exposure. In order to
dow the wide distribution of these allergens and the conditions under
shich they may he encountered, the reports thus far published wili be
priefly reviewed.

I. REVIEW OF THE LITERATURE

Seacia (Gum Arabic)—Fxperimental work with animals by Maytum
wd Magath't (1932) showed acacia to be mildly antigenie. Tt caunsed
9 reactions in rabhits, but varyving degrees of anaphylaxis eould he
iedueed in about 63 per eent of the guinea pigs tested. Despite these
“alings, however, and the low nitrogen content of gum arabie, it has
‘weny shown to eause severe elinical symptoms in a large number of per-
was, The above-mentioned authors observed a patient under treat
wat for elephantiasis of the leg, who, following a Kondoleon opera-
ton, received 500 c.c. of a 6 per cent sulutmn of aeacia and 500 c.c. of
¥ siolugic saline solution mtrd\'cuuusl_v No untoward symptoms oc-
=i at the time, but seven months later, when the therapeutie injee-
“on wax repeated following a second operation, the patient developed
sl obstruction, lachrymation, loss of voice, coughing, and a sugges-
ot of Jaryngeal stridor. These manifestations were wmild and easily
wreved by epinephrine.  The patient had shown no previous signs of
-wrzy, but her family history was positive.

Wueli more severe reactions to the intravenous injection of acacia wore
weted by Studdeford!® (1987). In three patients suffering fron.
*~tpartum hemorrhage, infusions of acacia glueose solution produced
¥4t constitutional reactions marked by eyanosis, dyspnea, tachyeardia,
‘“’1 P'lhuon:n-v edema. Two of the patients died, and autopsy upon

P
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one dlsclosed an extensive deetructue lcswn of ‘the lwcr. Behevmg that -
impurities in the acacia preparations might have cansed these untoward
effects, the author tried fresh material from another supply house, but
this produeced similar results in three other patients, one of whom died.

Studdeford observed that recent experimental work has shown the
likelihood of liver damage following the intravenous injeetion of acacia,
It seriously disturbs the red blood cells, interfering with the normal
gaseous interchange,. increasing the tendency to rouleaux formation,
and accelerating the sedimentation rate. Conglutination of red cells
may occur, producing blockage followed by edema and hemorrhage.

Experiments on dogs hy Hall, Gihson, and Weed" (1940) showed
that repeated intravenous injections of the gum damaged the carbo-
hydrate and serum protein functions of the liver, as evidenced by
changes in the glucose and galactose blood sugar tolerance curves and
determinations of plasma proteins. ~lowever, no effect was observed
on the hepatic cells, nor was there any blocking of the reticulo-endo-
thelial system comparable to that produced by some colloidal substances.

 Spielman and Baldwin' (1933) described a case of acacia sensitivity
in a plaster molder employed in a eandy factory. He developed vaso-
motor rhinitis and hronchia!l asthma after working about six months in
the plant. Direct tests produced a marked reaction to the factory dust
containing erude acacia and also to purified acacia. Passive transfer
tests likewise were positive.

Allergy to acacia umong printers appears to he growing more and
more frequent. The gum is used in solution with dextrin, aleohol, and
water as a drying, or offset, spray for pmntod material. The spray
fills the workrooms with a fine mist which the employcees unavoidably
inhale unless protected hy a mask. )

Feinberg and Schoenkerman® (1940) reported a case of bronchial
asthma in a printer which they attributed to this cause. The patient
gave positive skin reactions to gum arabie and also to karayu. Follow-

‘ing this, Bohner, Sheldon, and Trenis' (1941) published ten similar
-cases.- All their patients reacted to gum arabie by direct tests, and pas-

sive transfer was positive whenever tried. These printers had been
exposed to the acacia solution for periods of from two weeks to a year.
The authors state that ‘the direct transfer tests were negative to Indian
gum and tragacanth’’ (‘‘Indian gum’’ probably referring to-karaya).

King® (1941) treated one case of bronchial asthma and another of
vasomotor rhinitis in printers, both of whom were positive to acacia.
These patients were of allergic constitution and reacted to other sub-
stances, such as orris root, egy white, house dust, and pollen, but clin-
jcal symptoms did not appear until they hecame sensitized by gum .
arabie in their occupation. Attempts at desensitization in one patient .
were unavailing while he remained in his job. King refe‘ri to the New



* ' .GELFAND: ALLERGENIC PROPERTIES OF VEGETABLE GUMs 205

York State Department of Labor Bulletin for 1940,° which also men-

_ tions a number of cases of rhinitis and asthma among printers, probably

due to gum arabie.

_ According to our search through the literature, Levin®™ (1939) ap-
pears to have been the first to record a case of sensitization to aeacia in
the printing trade. Tt probably is only in recent years that this type of
‘offset spray has heen brought into use.

Feinberg and Schoenkerman?® deseribed the case of a furniture dealer
with asthma of many years’ standing, which probably was due to infec-
tion. Nevertheless, the patient gave a marked skin reaction to acacia,
which proved to be an ingredient in some of hig furniture preparations.
Desensitization with the gum appeared to afford some temporary relief.

Karaye Gum.—Bullen® (1934) was the first to report a case of allerey
to karaya. His patient developed vasomotor rhinitis from eontact with
the gum in hair-waving lotion. Since that time such reports have he-
come quite numerous. Feinberg* (1935) observed bronchial asthma in
a hairdresser from the same ecause. Scratch tests with powdered karaya
gum, sodium benzoate, tragacanth, acacia, and another hrand of hair-
waving fluid all were negative exeept that with karayu, which, he said,
produced an ‘‘enormous reaction.”

Bowen? (1939) reported five cases of urticaria due to karaya. One
patlent had associated respiratory symptoms. He gave details ot one
case in which the urticarin was accompanied by severe pruritus and
some lesions of angioneurotic edcina, freyuently involving the joints.
The edematous lesions were succeeded by patches of hyperpigmentation.

- "This patient’s symptoms were traced to karaya zum in Dr. Wernet's
ymp A

dental powder, used for holding her demture in place. She gave no
family history of allergy.

Figley® (1940) observed sixteen women ‘with ‘allergic symptoms, all
of whom gave positive reactions to scrateh tests with karaya. The fam-
ily. history was positive in all but two. The allergen was absorbed by
_ingestion and surface contact as well as by inhalation, and the chief
manifestations were perennul rhinitis. asthma, atopic dermatitis, urti-
caria, and gastrointestinal distress. Wave lotions, laxatives, emulsified
mineral oil, gelatins, diabetic foods, tooth pastes, and denture adhesive
powders were the sources of sensitization.

In investigating the effect of Mueara, a laxative containing karaya,
- Ivy* found that 7.8 per cent of eizhty-nine test subjects who ingested
this preparation complained of mild abdominal eramps or other dis-
comfort for which he could not account. Figley suggested the possi-
bxhty that these patients were slightly sensitive to karaya through hav-
ing prevxously ingested it in sanc food or confection.

. Feinberg and Schocnkerman® analyzed ten cases of allergy to karava
resulgng !rom co&t&wt thh h.nr-wa\ ing lotions or powders. Respiratory

3 ~
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svmptoms wcre the chief eomplamt m n me of the pntnents“one of vﬂm:n
had an associated dermatitis of the face and scalp. The tenth com:

- plained only of dermatitis of the face and neck. Cutaneous reaetions

to karaya were consistently positive in all the patients by direct test
and also by passive transfer when this was performed. On being
tested with other gums, in aceordance with the authors’ established

" routine, seven patients gave negative reactions, two reacted slightly to

tragacanth alone, and one to acacia and tragacanth. The authors be-

_ lieved karaya to be the sole cause of elinical symptoms in four of the

patients and. a contributory factor in the remainder. In one patient
with bronchial asthma, desensitization with karaya produeed moderate
improvement ; in another, a change to tragacanth preparations proved
beneficial. .

The most comnion ingredients in hair-waving lotions are acaeia,
tragacanth, linseed gum, quinee sced gum, karaya; borie acid, sodium,
potassium, and ammenium carhonate; aleoholie keratin, coloe, petro-
latum, cera-flux, glyco wax A, and paraflux. \ecording to Figley, how-
ever, karaya has almost supplanted such gums as linseed and quinee
seed, and this fact may account for the growing number of allergie
manifestations reported from contact with these preparations.

Gum Tragacanth—Reports of sensitivity to tragacanth are extremely
rare in the literature. One case has been described by Feinberg and
Schoenkerman, in which a hay fever patient suffering from severe urti-

" earia and eczematous dermatitis of the hands gave a marked reaction

to tragacanth. The authors believed her cutaneous symptoms to he duc
to a hand lotion containing this gum hut were unable to follow the case
closely enough to obtain conclusive proof. We already have mentioned
that three of their karaya-sensitive patients wave slight reactions alse
to tragacanth. They stated that they were unable to find any cases in
the literature that incriminated tragacanth as an allergen. but ‘‘hecause
of its close relation to karaya gum,’’ they employed it in routine testing. .
. _Owing to its comparative rarity, therefore, the following history®

may be of particular interest. We believe it to be the first thoroughly

“authenticated case of elinical allergy caused by sensitivity to tragacunth.

. B. T., white, female, aged 26 years, came to Gouverneur Hospital on

-~ July 7, 1941, to ask for desenmsitization to certain commereial gums

which she believed to have caused her respxratorv symptoms. She gave
the following history :

In December, 1939, she went to work in the office of a New York gum

" factory. This firm imports various commercial gums from the Orient

and mills them on the upper floor of its office building. The material is
passed from one floor to another through a chute which is not airtight,

*This case report was prescnted before the Assoclated Allergy Clinics of Grester
New York at their fall meeting, Nov. 6, 1941. The presentation was made by Dr.
Maury D. Sanger and dlscussed by the author, )



and Jﬁce v?drkél‘s as well- as the millers are exposed to dust given off by

the gums. The patient’s desk was situated close to the chute, samples

of the material were handled by her, and other samples were exposed in

*. . open containers on the office floor.. Moreover, she frequently came in
- eontact with the mill workers.

‘When the patient began to w ork in this plucc she was in perfect health
and remained so for ahout a year. Then, in December, 1940, she heeame
troubled with what she supposed to he a persistent head eold, with
blocking of the nose, frequent sneezing, and profuse nasal discharge.
She began to feel ‘‘run down’’ and decided to remain at home to re-
euperate. On a brief visit to the factory on New Year’s Day, 1941,
however, she apparently contracted a ‘‘fresh eold.”” After her return to
work this also persisted, and by the end of February, fourteen months
after her first contact with the gums, she began to cough and wheeze.

On March 3, 1941, fifteen months after first exposure, and eoincident

with the milling of an unusual amount of tragacanth, the patient was

_seized with a severe attack of asthma, lasting for eight hours, and finally

was relieved by epinephrine.

From that time on, up to June 20, 1941, similar attacks oceurred
whenever she returned to her job after sick leave or vaecations. All
were relieved by epinephrine. . After an extremely severe seizure on
June 20, she resolved never to return to the factory. But, in order to
prove that the gums were responsible for her trouble, she tried various
temporary positions in other kinds of business. In the new surround-
ings, no untoward symptoms oceurred.

- Convinced now that she was allergic to the gums, and her return to the
job being greatly desired, the patient eame to our clinic to be desensitized.

Personal ‘and family history, as given, were completely negative.
Physical examination revealed no sign of infection in the nasopharynx
or sinuses. . X-ray examinations of the chest and sinuses also were
negatlve :

" Direct skin tests mth the usual allergens produced no response, but
when gum tragacanth, 100 units, was tried, a marked reaction occnrred.
Gum arabie, 1,000 units, also produced a strong reaction. Passive trans- .
fer tests with these two gums were strongly positive down to the 1:100
serum dilution. “On the other hand, direct tests thh kara\a. up to 5,000
units failed to provoke any respomse.

Immunization treatment with tragacanth was attempted wnh great

" caution for fear of untoward reactions, and the dosage increased at first

‘only from 5 to 10 units for each successive treatment.

After receiving thirty injections, the patient believed hene]t to be
immunized and decided to revisit the gum plant. Upon only a half-hour

. exposure, however, she experienced an ominous tightness in the chest.
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OCCUPATIONAL ALLERGY IN A Gty Facrony i :
-
COME EM . REACTION TO TESTS . '
CABE AGE TYPFE. OF TIME EM- ALLERGIC
NAME | 8EX el o o A GUM TRAGA- REMAKKS
NO. (YR.) WORK PLOYED BYMPTOMN ! KAERAYA ARABIC CANTIT
Office Workers
1 M.W. M 63 |Manager U oy, None Neg. Neg, Neg. -
2 |v/L | M 25 |Chemist 4 yr. | None Neg. | Neg Neg. - S|
3 M. K. F Clerk 1 yr. Rhinitis, asthma - Mkd, - Left job L
4 B. T. F 27  {Secretary 1yr. Rhinitis, nsthma Neg. Mk, Mkd. |Teft job ) §
Factory Workers lg
5 M.B M 42 "acker Ft e Nasal eclogging, dJdyspneal  Neg. Maodd.-Mkd, Neg. -
6 G, 8 M 35 | Miller 215 mo. [ Bronehinl asthma. Neg. Neg. Neg. |Asthma due to in. F
fection e
7 (o | a | as [Mier 2 yr,  |None | Neg. | ModoMkd | . Neg. - 2
S J. P M 21 |Elevator operator | 1% mo, |None Neg. Neg. Neg. - i
9 J. M 39 (laborer 15 r. None - Neg. Neg. Neg. . .
10 E.W. M 38 [Shipping elerk 4, None Mo, Mod.-Mkd. Neyg. -
n AL O. M Foreman 5ovr. Nasal elogging, sneezing| Neg. Mod.-Mkd. Mod. - .
12 J. N, M 22 Mitler 114 vr. |[Sneczing, dyspnea Mod. Mod.-Mkd. Mkd. . T
Summary 5y
NUMBER CAUSE OF SYMPTOMS POSITIVE SKIN REACTIONS
NUMBER NUMBER xor T
FXAMINED AFFECTED AFFECTED GUMS INFECTION KARAYA ARABIC TRAGACANTH
Total 12 [ ] 3 1 2 7 3
Office workers 4 2 2 2 0 0 2 1
Factory workers s 4 4 i 1 2 3 2
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On readnng home she was selzed wnh an exceedmgly severe attnck of
_’ bronchial asthma. A number of injections of epinephrine were required
. pefore the paroxysms subsided, and she remained ill for a week. This

expefience caused the patient to abandon all hope of returning to her

job, and she also discontinued treatment.

. SENSITIZATION TO GUMS AS AN OCCUPATIONAL RISK

The striking characier of the foregoing case and the excellent field
for rescarch provided by a faetory solely concerned with the handling
and processing of allergenie gums led us to study the incidence of sensi-
tivity among the other employees.

We found that the firm had been in business for more than a century,
and during that time certain employees in the mill (formerly in a
separate building) had had symptoms of vasomotor rhinitis and severe
bronchial asthma after contact with tragacanth, gam arabic, and
karaya. In most cases, the affected workers had to leave their ocecupa-
tion, but some were able to carry on, and, in time, appear to have be-
come, so to speak, immune.

In recent years the milling has been done in the same building with
the executive offices, and we learned that another female office worker,
previous to our survey, had been obliged to give up her work on account
of nasal symptoms and bronchial asthma, coming on ahout a year after
first exposure. Her physician had found her to be sensitive to gum
arabie.

In order to gain more information as to the sensxtlzmg properties of
the gums and their antigenic relationships, we carried out a study among
both the office and mill workers.. We were unable to examine the entire
personnel, but those who were willing to undergo tests made up a good
cross-section. -t

No further complaints were dlscovered among the ofﬁoe force, but
investigation of the millers revealed a somewhat different picture. Most
of the men had been in the mill for a number of years under eonditions
of massive exposure, and the factor of mechanical irritation zs well as
prolonged contact was involved. Nevertheless, many of them i:ad es-
caped untoward symptoms Table I shows the results of our e\anuna-
tions thus far. . © - e

It will be noted that 50 per cent of all the workers e\:ammed had
respiratory symptoms of an allergic nature. Among the four office
. employees, one® was sensitive to gum arabic and another to gum arabie
and tmgacanth but not to karaya. These workers had to leave their
~ jobs. Of the eight mill werkers, three had nasal clogging and sneexing

) (with or without constriction of the chest) when in contaet with certain
. gums, and thepe three vsere found’ sensm\e to ;he materlals by direct

. "l"hh rehu to M. K. ho hAd left m uhnt p:evious to onr nurvcy Howncr
-bce we were. sbh to- obtuin_ her histery, it has been included. .

& s Ed
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gkin tests. One had asthma traceable to infection
unrelated to his oceupational contacts. -
Comment.—In view of the contradictory findings in a few of these
cases, the question arises—how many of the men who gave positive skin
tests, but denied having symptoms, were concealing their complaints

in the sinuses and

“for fear of endangering their jobs? With one or two of them we had a

strong impression that this was the ease. Nevertheless, the fact remains
that a certain number of emplovees definitely remained free from unto-
ward symptoms and had no signs of elinieal pathology discoverable by
physical or rocntgen examination or hy skin tests. Those who did
acknowledge allergic symptoms, with one exception, also gave positive
skin reactions to one or more of the gums. Henee, it iy elear that irrita-
tion and prolonged contact with tragacanth, gum arabie, and karaya
affect some persons but fail to affect others working under the sime con-
ditions. We must eonclude that the individuals who hecome sensitized
have an inherent predisposition to allergy, which probably is hereditary,
although no family history of hypersensitiveness eould he elicited in
any of these cases.

The case of B. T. i~ the most clear-eut of any that came under our
observation and the most enlightening.  First, it demonstrated the faet
that gum tragacanth as well as eum a rabie is a sensitizing agent eapable
of producing severe respiratory symptoms in predisposed individualis,
Second, the patient was found, hy both direet and passive transfer tests,
to be sensitive to gum arabic and tragacanth but not to karaya, despite
the fact that the antigenicity of karaya has heen so well established.
This tends to disprove the general assumption that all these gums are
closely related. Third. it was shown that a period of time was required
after first contact to bring forth the acute sensitivity.  Fourth, sinee the
treatments though limited were supplemented by long absencee from
exposure and yet failed to confer any, degree of unmunity, desensitiza-
tion probably would be unavailing.

1. ANTIGENIC RELATIONSIIIP OF THE GUMS

The general impression has becen that the three gums under considera-
tion are closely related both antigenically and hotanically, but few. ob-
servers appear to have carried out in vitro and in vivo necutralization
experiments with the sera of patients known to be clinically sensitive to
them. Since our clinical findings in the eases of B. T. and A. O. scemeu
to disprove the theory of a common antigen in karaya and the other
two gums, we decided to make such studies in order to determine the
antigenie relationship of tragacanth and gum arabie.

Sera were obtained from all the workers found to be sensitive, and
all exeept one gave a positive passive transfer. For the neutralization
studies, however, only one serum, that of B. T, remzuined suitable for
study. A few hemolyzed, and the patients refused to give more blood.
In one case the Wassermann was doubtful, - '
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Followmg is the result of our studles with B. T. serum:
’Ezhaustwn-&te Studies (Figs. 1 and 2).—

¥ Method: Duplicate sites in nonatopic recipients were passively sensi-

= .tized by injecting 0.1 c.c. of B. T. serum, which was clinically sen-

- .- gitive to gum tragacanth and gum arabic. The next day, when the

. 'reagins were fixed in the tissues, the first site (above) was tested with

Sites passively sensitized with
Donor - JR. B.T. Serum on October I3, 1941

Then retested as follows on dates indicated.

Reaction on Oct. W4 Oct.I15 - Ot 16 Qct.i7 Oct. 18
ucapu:;; o T wi
. o DO o
O Gum

Trogoconiti

Gu )
o m o O 6 o Tgm v'ggo| mcomh

VFIS. 1.

: Sites possively sensitized with
 Donor - GS. BTScmmg October 13, 1941

Then retested as follows on dates indicated.
Reaction on Oct 4 Oct. 15 Oct. 17 Oct. 18

recipient’s Tested with Gum Arobic
nwmol skin

Q O O T

o O °. %

a

ey e, o R .
S E . . . e
- e e . IR ) v 7 BEEE
- T ’ K
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gum tra.gacanth and then retested dmly unhl no reactmn occurred The

following day thesite was tested with gum arabic. The second site was

" desensitized in the same way to gum arabic and then tested “with
. «tmgacanth, _ L -

Reswlts: 'In both donors the reaging to gun arabic were eompletcl\

lentrahzed ‘by tragacanth, but gum arablc failed to neutrahze the

mnstomslcanth N Tk
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_In Vitro Neutralization Studies (Figs. 3 and 4).— " . A
~  Method:. Having previously determined that the immediate and
forty-eight-hour tests showed neutralization at 500 to 700 units,* we
prepared in the test tube under sterile precautions & mixture. of two
- parts extract (0.2 c.c. of 5,000 units, representing 1,000 units) to onc

Neutralizotion Studies on Trogocanth and _Arabic Gums

Donor-JR.
e October 15, 1941 October 16, 194!
24 hours’ incubation Mixture introduced Site tested with
in vitro of two parts in Site of donor Gum Argbic
. Trogaconth ond one (1110 cc)
BT immediate Reqction
- o
24 hours' incubation Mixtyre introduced Site tested with
in vitro of fwo party in Site of donor Gum Tragoconth
Argbic ond one port {1710 cc)
BT Serum Immediate Reaction
- ° -
Fig. 3.
Neutrolizotion Studies on_Tragacanth ond Arobic Gum:
Serum BT '
Donor - G.
s Oclober I5, 1941 October 16, 1941
24 hours’ incubation Mixture introduced Site tested with
in vitro of two_ports in Site of donor Gum Argbig
- Trogaconth and one (1710 ce)
- part BT Serum immediate Reaction
3 ©
“ \
[}
24 hours’ incubation Mixture niroduced Site tested with
) m vitro of two_parts in Site of donor Gum Trogoconth
Argdic and one port (710 cc) :
R T._Serum D
o .
Fig. 4. E °

y -
et

part scrum (0.1 c.c.) for each gum, tragacanth and ambic. After being
allowed to stand in the icebox for twenty-four hours, each mixture was.
injected in 0.1 c.c. amounts into duplicate sites on nonatopie subjec_:tg. .

*This was done by mixing In the test tube increasing amounts of antigen with
a fixed amount of sensitive serum, allowing it_to lucubate im the lcebox. and then

' gtine test amounts into 8 ngnatopic donor. The immediate reaction was observéd, .
mn hocoed M 2 WAS toeted with T.0Q uaits.of ghe gum antigen,

o
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’Twenty~four houm later the sites injeeted with serum neutralized to
tragacanth were tested with gum-arabie, and viee versa. Duplicate
control sites, having heen prepared with two parts physiologic saline
solution and one part serum, also were tested with cach gum.

" Results: Here, too, we found that tragacanth neutralized the reagins
to itself as well as to gum arabie, but arabie, while neutralizing its own
reagins, failed to neutralize the reagins to tragacanth.

Comment.—The direct skin tests in the case of B. T. suggested a

" probable antigenic relationship between tragacanth and arabie, but none
between cither of these gums and karaya. The serologie studies both in
vivo and in vitro confirmed the relationship hetween the two gums to
which the patient was clinically sensitive, since it was shown that gum
tragacanth completely neutralized the reagins to gum arabie, but that
gum arabic failed to neutralize all the reagins to tragacanth. It was
noted that tragacanth and arabie extracts were similar in nitrogen con-
tent but that direct skin tests on this patient elicited a greater reaction
to tragacanth. The impression was thus gained that tragacanth extraet

. either contains an antigen not present in gum arahic or that it is richer

than gum arabie in atopic excitant content.

IV. NATURE AND DERIVATION OF ALLERGENIC GUMS

This is a subject on which the information from various authoritative
sources long has been indefinite and conflieting. Medical knowledge is
therefore in a state of econfusion, and it is small wonder that statements
_appearing in the literature show many contradictions.

‘We have consulted different authorities and have obtained the fol-
lowing information from the United States Dispensatory for 1937:

The term gum, often loosely applied to the resinous exudate of

plants, refers more correctly to exudates which contain a carbohydrate
that is capable of forming with water- mucilaginous mixtures. The

- belief that gums differ from resins in being soluble in water and in-
-soluble in aleohol is incorreet. Some gums do not actually dissolve in .

water but simply swell into viseid mlxtures w1th it, and some gums aro
soluble in alcohol.

: The gums that are most often -considered 1dent1ca1 or “hose nan:es

" are frequently confused with ane another; are described as follows:

T

Bassora Gum (Carsmania Gum, or H'og Gum): Bssson;"gum ia a eollective term

~for & group of: high-colored gumns somewhat resembling tragacanth. The soluble

part is arabin and is said to counstitute about 11.2 per cent. The-insoluMe part
. consists of bassorin, with & small proportion of salinc substances. The gum is used

.88 ap edulterant for acacim and can ‘be dxstmgmahed by its msolublhty in !mter.
. Jﬁ botaniadk -origin is doutg;ful. e by

"L~ Keraye Guwm: Karaya gum is knewn u Stmulm gam or Indmn tugtctnt.h It

' is derived“fronk Sterowlia urens Roxb. (Fam. Sterculinceae), of Asia, and possibly
idbc“w It is found in irregularly shaped, pinkish brown or hght
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" brown p:eces a.nd hu &n Bcageous odor "When bailed with 5 per mt. potaumm
hydroxide solution, it shows only a slight tinge of brown, wherens tragacanth thus
boiled becomes a bright yellow and gives a stringy precipitate. Tragacanth is more

" mucilaginous than karaya, and karaya has greater acidity (due to acetic acid) and

N

_ dissolves more readily in cold water. Nevertheless, powdered karays often is used as

a substitute for powdered tragacunth and loosely called tragacanth.

India Guin (Ghatti Gum}: The term India gum has been applied to many dif-
ferent substances, including Bassora gum, Sterculin gum, and Ghatti gum (Gummi
indicum). The British Pharmucopoeia in 1914 recognized Ghatti gum as India gum.
It is derived from different species of the Indian tree .inogeissus latifolia (Fam.
Combretaceae). It is used in pharmacy for the snmo purposes as aecacin. Its mueci-
lage is more viscid but less adhesive than acacia and is usually employed in connce-
tion with tumeric, with which there is some specitic combination.

Gum Arabic (Acacin): Gum arabic comes from the stems and branches of Acacia
senegal Willdenow (Fam. Leguminosae), or some other African apecies of Acacia.
It ias whitish yellow or light amber in color and is insoluble in aleohol but almest
completely soluble in water, the solution being acid. It is composed essentially of

" the calcium salt of arabin, or arabic acid. The gum is an effective demuleent and

is extensively used in drugs, pills, and lozenges.

Gum arabic often is adulterated with Mesquite gum, from a Mexican plant,
Prosopsis julifiora (Fam. Leguminosae).

Tragacanth Gum: This substance is an exudation from .{stragalus gummifer
Labillardi¢re (Fam. Leguminosae) and other Asiatic species of Astragalus. In the
past there has been much doubt as to its botanical source, but it now is known to
be of the above genus and family. It is entirely insoluble in alcohel and seems
to be composed of two different constituents, one being soluble in water and re-
sembling gum arabic, and the other swelling in water but not dissolving. The
soluble part, which is mmeh the greater, is said by A. G. Norman (1931) to consist
of uronic acid and arabinose in about equal proportion, which compose 94 per cent,
plus small amounts of cellulose, starch, and protem substances, The insoluble part
is mostly bassorin,

Tragacanth is sometimes adulterated with Sterculia (karaya) and Ghatti gum
but more frequently with acncin. The difference. between true tragacanth and

Sterculia can be proved by a distillation test with water and determination of the

acidity, which is greater in Sterculia. . \

According to Chemical Abstracts (1939), tragacanth contains cnough
starch to give a blue color with iodine solution, but acacia contains no
stareh.. The methoxyl (CH,;.0—) indexes of the three gums under
consideration are: acacla, 0- 124 tra"acanth 18.6-38; karaya (Ster-
culia), 0. .

Figley® quotes Norman (1929) to the effect that no essentxal ditor-

* ence exists between gums and hemicellulose; in both, hexose and pentose
are linked with uronic acid. He also quotes Solis-Cohen, who states that.
arabin, bassorin, and cerasin are the proximate principles of gums, and

that gums are chiefly pentosans.

Bohner, Sheldon, and Trenis* say that acaecia is classed chemlcally as
an inert colloid and is considered to be a polysaccharide member of the
carbohydrate family, related polysaecharides being glycogen, dextrin,
and starch. All of these are amorphous, odorless, and transluceat, and
on hydrolysns yield one or more sugars, usually pentoaes and hcxom

X} R £ e %
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.~ In discussing Blillen:s"paper,’ Baldwin said the fact that gums are
# Tisted s polysaccharides is misleading, beeause in the case of scacia,
£ 0.5 per cent of total nitrogen is present and it also gives a positive biuret
"-test. - In an analysis of three samples purchased in the open market,
Bohner and his associates found an average of 0.48 per cent of nitrogen

and a positive biuret test. They note that Uhlenhuth and Remy*® found
" 70.3 per cent of nitrogen in samples of purified acacia. .

" Figley® stated that the nitrogen content of karaya is only 0.1 per eent.

V. SOURCES OF CONTACT WITH ALLERGENIC GUMS

‘We have compiled the following list from data gathered by many of
the authors quoted in this paper and from other available sources,
Since we know that the various gums frequently are substituted for one
another and adulterated by one another and by other gums, no attempt
at separate classifications has been made: '

Adhesive pastes

Artificial flowers

Body and drier in lithograph inks

Candy (e.g., gundrops and Jjellies)
. Cement - S ’

Cheese - : )

~ Cigar manufacture

Coating for special thread

Custards (e.g., in factory-made pasteries, ete.) s

Denture adhesive powders (Dr. Wernet’s, Dent-A-Firm, Stix) .
- Diabetic foods (e.g.,, soy bean and almond wafers)

- Emulsions (e.g., mineral oil, cod-liver oil, turpentine, almond, and flavor '

.- emulsions) e :
" Fireworks - _— S - s
" Furniture polishes =~ - - ) s S
.- Gelatines. =~ S o T e

Glues T, : L T T
s -lee cream mixes S Te N S O
- Insecticides - ) S

;. Laxatives (e.g., Imbicolf, Mucara, 8quibb’s Petroleum and Agar)

" Linolewn and-oil cloth - = - R - H
* " Lotions (cosmetic, for hand eare, -hair-waving, te.) - . ~

. i - Luster for textiles - T T £oT

. % Match manufacturing ) L .

. Metal polish manufacturing - i SR
.7 Mueilages - - ' T
Paints . SR _ ‘
Ceen RS TTUe gt T e T L
: ». - Poreelnin and pottery mannfaetare. - . . . o
. Printing ink manufactyre . P i Yy B
. Procege engraying S S
% 7. -Balad dressings (factory made) ‘".’1 .
. @hoé polishes "y - BTN o
% . Bifing of+paper and textiles © = . SR A U S L
L Spnyl_v\(oa‘nrt. in prinﬁpg trade) -

e O )

e iy

-

-
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- . Suppestaories . " ’ A .
T Toothpastes (Listerine ud Lm.‘lon) S
Textile printing . . . o L -

' Vaginal jellies - . ) - E
; Varnishes C : T T .
C L th eolors {transparent) '

‘No doubt these gnms 2lso oecur in many other nreparations in which
their presence has noi yet been disclused. and the sourves of dontaet

- probabh' are even more widespread than the above list would indicate,

SUMMARY

. 1. The published reports of sensitivity to vegetahle gums have been
reviewed. These reveal that the chief sourves of sensitization are karaya
gum in hair-waving lotions and acacia in the offset spraysg used in the
printing trade. Althoueh the allerzens may euter the system by inges-
tion, injection, or surface contact. inhalation is the most eommon route.
.and respirators symptoms predominate.

2. The first well-established case of sensitization to tracacantih is re-
ported. This case led to a study of the incidence of gum sensitiv ity
among the workers in a gum factory, which has hrought forth the fol-

" lowing faets: (a) that gum sensitization is an oeceupational risk for

- predisposed persons; (b) that a period of time ! usually about a vear)

". 'is required after first exposure for the development of acute symptoms:

- (¢) that tragacanth is a powerful allergen capable of eausing extremely
- severe reactions; (d) that desensitization with allergenie gums is diffi-

" eult, if not impossible; (e) that some workers who become sensitized

may afterward spontaneously develop tolerance.

3. The antigenie relationship between gum arabm and tragacanth has
- been studied by means of in vivo and in vitre experiments with sensi-
.tlve sera. It was found that tragacanth is able to neutralize all the
reagins to gum arabic but that arabic only partially neatralizes the
reagins to tragacanth. Thus it appears that, while an antigenic rela-

© < tionship probably exists between these gums, and although the nitrogen

» tontent may be the same in both extraets, tragacanth must either con-
" tain an antigen not present in arabic or its extract must be richer in

“-excitant content. The relationship between karaya and the other gums

was not studied.

4. Consultation of various authorities on the botanical origin of the
three gums revealed that gum arabie (dcacia senegal) and tragacanth
(Astragalus gummifer), although differing in genus and specics, are
members of the same family (Leguminosae). Karaya, on the other

" hand, belongs to an entirely different family (Stereuliaceae). This
fact may have some hearing on the antigenie relationship of the gums
ny brought out in our studies.
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"’:qlt‘z*iﬁ'iinteresfihg; that"‘ Dr. Gel d’§ ’tgvelve"'patﬁiei;‘t; s;;’lm S
presumably equally expased by inhalation to the three gums; thap g = -
- greatest humber (six) reacted to gum arabic; that tragacanth

. &T rabi w ,
“with three reactors; and karaya last with two reactors. - May :l:en

Dr. Howarp Oscoop, Buffalo, N. Y.—I have been testing TOUtiﬁcl
. . . v
for some time with five different gums but have done no passive transfe, -
studies. Just before leaving for this meeting, I pulled out at ra.nd‘,:
the records of 100 allergic patients and summarized the results of tp,
tests with these gums. I thought it might be of interest in conncetiog
with the present paper. . :

The gums used were acacia, tragacanth, quince seed, karaya, and
ghatti. The latter is sometimes substituted for karaya in what is known
as India gum. The concentrated extracts were 1:33 or 1:100 of the dry
gum in Coea solution, depending on the ease of Seitz filtration. A 1:10
dilution was made up from the concentrated extract, and tests wen
earried out in each patient with both strengths. ‘

Of the 100 patients tested, there were only two who failed to giv,
skin reactions in some degree (slight, moderate, or marked) to one ur
more of the gums, in weak or strong dilution. There were twelve pa
tients who reacted to one gum only, twenty-two who reacted to two

“only, twenty-two to three gums, fourteen to four, and there were twenty-.
eight patients who reacted in some degree to all five gums.

.To determine the relative skin-exciting properties of the different
gums, or conversely ‘the relative skin reactivity of this group of 1w

_ patients to the different gums, I have tabulated the maximum reaction
given by each patient to cach gum, without indicating to which streneth
(concentration or 1:10 dilution) the maximum reaction oceurred. Fur
example, to acacia thirty-four patients gave only a slight reaction t

“either dilution, thirty-three gave a moderate reaction, and twelve eave
a marked reaction to one or the other dilutions. Ghatti gum gave the
most numerous reactions, ninety-three patients reacting to some degrr.

- Karaya gum with only twenty-five patients reacting, gave the fewest.

\ .

»

TaBLe 1

MaxiMuM DEGREE OF SKIN REACTIONS To EACH GuM

NUMBER OF PATIENTS GIVING

.. SLIGHT MODERATE AL MODERATE. -

Ce : ONLY ONLY MARKED TOT. On MARKRY .
Acacis N 33 12 BT O R
Ghatti © | 36 15 93" Bow L
Karaya . - 25 6 5 . 36 - T a .

Tragacanth : 26 12 | .10 8. | = .-
.~ Quince seed 42 "~ 16 Y 62 L

- T tried to see what cross reactions there might be to these five KUWS:.4
and have tabulated the frequency of associated reactions In s!Md Aot ?
tients. Moderate and marked reactions only were considered. E ot
gave moderate or marked skin reactions to acacia and ghatti gums
to no others, this being the most frequent association. The pumocs.
other patients giving reaetions to two gums only showed ﬂ)t' folklll’(w
associations: ucacia-tragacanth, 2; acacia-quince, 2; gha‘t_tl-kal‘ﬂ’,"~-,‘f
- T - oo Yol A

ber of 14




~“sume from this that arabic is the most potent allergen of the thr

_ = It is interesting that Dr. Gelfand’s twelve’ batiénts:.,-studiéd-;‘;""'
presumably equally exposed by inhalation to the three gums; tht AR
- greatest number (six) reacted to gum arabic; that tragae Lhe ..

N L R IR NP A W e

YBE JOURNAL OF ALLERGY '

-

.

with three reactors; and karaya last with two reactors. - May one g,

Dr. Howarp Oscoop, Buffalo, N. Y.——I have been testin
for some time with five different guins but have done no passive transf,
studies. Just before leaving for this meeting, I pulled out at ranf.l:tr
the records of 100 allergic patients and summarized the results of 1;: .
tests with these gums. I thought it might be of interest in conncetiop
with the present paper. : :

The gums used were acacia, tragacanth, quince seed, karaya, ay').lA
ghatti. The latter is sometimes substituted for karaya in what is known
as India gum. The concentrated extracts were 1:33 or 1:100 of the dry

g Toutinely

~ gum in Coca solution, depending on the ease of Seitz filtration. - \ 1.1

dilution was made up from the concentrated extract, and tests wen
carried out in each paticent with both strengths. ‘

Of the 100 patients tested, there were only two who failed to giv,
skin reactions in some degree (slight, moderate, or marked) to one or
more of the gums, in weak or strong dilution. There were twelve pi.
tients who reaeted to one gum only, twenty-two who reacted to two

“only, twenty-two to three gums, fourteen to four, and there were twenty.

eight patients who reacted in some degree to all five gums.

.To determine the relative skin-exciting properties of the diffcrent
gums, or conversely ‘the relative skin reactivity of this group of m
patients to the different gums, I have tahulated the maximum reaction
given by each patient to cach gum, without indicating to which streneth
(concentration or 1:10 dilution) the maximum recaction oceurred. Fur
example, to acacia thirty-four patients gave only a slight reaction to
either dilution, thirty-three gave a moderate reaction, and twelve zave
a marked reaction to one or the other dilutions. Ghatti gum gave the
most numerous reactions, ninety-three patients reacting to some degne.

* Karaya gum with only twenty-five patients veacting, gave the fewesl. -

TasLe 1

MaxiMTy DEGREE OF SKIN REACTIONS TO EicH GUM . )
NUMBER OF PATIENTS GIVING I
. SLIGHT MODERATE . MOPEXATE.
e ONLY ONLY MARKED TOTAL R MARKE
Acacia 34 33 2 79 o
Ghatti 42 .36 15 93 3 .
Karaya . 25 : 8 1] . 36 © a8
Tragacanth 26 12 .10 L8 s
Quince seed 42 .16 4 62 —

- - T tried to see what cross reactions there might be to thése"f}\'e guas -

and have tabulated the frequeney of associated reactions in singic g
tients. Moderate and marked reactions only were considered. Eizht N -
gave moderate or marked skin reactions to acacia and ghatti 2’“";’ " pr
to no others, this being the most frequent association. The numl )eFi" g
other patients giving veaetions to two gums only showed the follow o
associations: acacia-tragacanth, 2; acacia-quince, 2; ghattl-kﬂrﬂS‘f' <
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, number of patients ‘showing reactions to three
~only gave .the following. associations: acacia-ghatti-quince, 9;
: &W i-tragacanth, 5; ghatti-tragacanth-quince, 1. Eight patients
; « moderate or marked reactions to four or to all five gums. It will
- rgeee that the most frequent association of moderate or marked reac.
SR ."olamtred with acacia, ghatti, and quince seed. _ :
= ‘h" am presenting this statistical summary for what it may be worth .
< asd draw no definite conclusions. I am not ready to state that these
) jtive skin reactions indicate clinical sensitlvity to gums, although in
a small number of these 100 patients this was definitely the case.
My own feeling is that in the dilutions used, the gum solutions may
" be intrinsically slightly irritating, thus explmmpg the numerous slight
" and moderate reactions. Typical marked reactions occurred in forty.
six patients, most frequently to ghatti, acacia, and tragacanth. My .
sexond opinion is that there may be common allergens in some of the
fums. - :
1 have not delved into botanical relationships, as has Dr. Gelfand, but
{rom his results, and from my meager observations, it would seem that
further work with these gums along the lines laid out by Dr. Gelfand
would be well worth while. . ’ . - R
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THE \'I‘GDTAI:I E GUMS BY INGESTION IN TIID ETIOLOGY
- OF ALLERGIC DISORDERS*t .

H. HAROLD GrLraxp, M.D, New Yomc, N.Y.-

>

HE vegetable gums as causative factors in allergie disturbances, by means
of inhalation, surface contact, and injection, have been recorded by various

investigators'? including the present writer.* .The ‘present paper stresses the -

importance of these gums as agents that cause allergic symptoms by ingestion..

Ivy and Jsaaes’ report® of the effect of the Jaxative Mueara which contains
karaya should be mentioned here. In a group of eighty-nine test subjects, 7.8
per cent complained of mild abdominal cxamps or other dxscomfort after the
ingestion of this laxative. L :

Figley® observed sixteen women with allergic svmptoms, all- of whom gav ’
positive reactions to serately tests with karaya. - - The family histories for 2llergy
were positive in all but two of these subjects. "~ The allergens had been absorbed
by ingestion and by suriace contaet, as well as by* inhalation. The chief mani-
festations were perennial rhinitis, -usthma, atopic dermatitis, urticaria, and
gastrointestinal distress. Wave lotions, laxatives, emulsified mineral oil; gela-
tins, diabetic foods, tooth pastes and dentuxe adhcane pow dcrs were the sources
of sensitization. PR

The first case rcport of an allerglc reactlon by mr'estmn to dru" tablets

cdntamm« the vegetable gums, was presented by Brown and Crepea® This -

was a white man who manifested symptoms of asthina and generalized urticaria
~ from the ingestion of Pyribenzamine tablets which: contzun tragacanth. - " Skin

tests, passive transfer und chmcal trml cstabhshcd th1s vegetable gum as the ‘

cause. : - -

Further pxoof of the rol¢ of lhe \c"ctable r*u*ns by 1n~cst:on in the ‘causas’

- tion of allergie disorders will form the basis of the present paper. In Table I.

is-recorded a series of ten subjeets suflering from zallergie disorders caused bv -

the m"cshou oi foods w hich comcmcd karaya, tra"acanlh or arabic. I)uect

v -..A',-.-

*JF'rom the Dcvnrtmmt of Allvrn hw Gouverncur Hosplt'\l

ﬂ‘.md hefore the hrlh Annunl \'eu.m'— of the American Awdemy of . Allcrgy Ath.nt.lc PN
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:. . “CASE :_ |  AGE [ GUM-CONTAINING CLINICAL © . BKIN- . ALLERGENIC "~
et AND. '] AND POODS CAUSING MANIFLSTATIONS . REACTING SENSITIVITIES oF .-
©. L. srRIneT sEx | SYMPTOMS OF ALLEEGY aUMs : IMPORTANCE, - ”
. LK. La 22 F. |, Creum cheese, 1ill- Vasomotor rhini- Karaya - Dust . '.
AT g ings in candies,  tis, gastro-” Tragacanth* S
: marshmaliows intestinal Arabie . T T Tt L
Yeai s % . 4 . - Symptoms, epi- . SRR v :
-l gastric distress, - -
. R pauseu, beleh- - DL
- - ing, flatulence Coe .
A3 M. Commercially pre- Vasomotor rhini- Arabice Dust, anunal ¢pi-

- pared pie crust tis, pastro- Kuraya - thelia, orris
mixtures, intestinal - " root, cotton, )
marshmallows, symptoms, - : silk, cho(-ohte,

: certain brands urticaria, ﬁ'dl, paprika,
T wheat cakes, allergie cough - mushroom
certain brands . . -
crezm cheese, ) :
commercially .
prepared cake
icing, gelative .
30.\1 Commerecialiy pre- Urticaria, angio- 'Lragacanth - Dust
pared white edema . Arabie
. . sauce, com-
« - mercielly pre- - -
pared mustard, .
processed
cheddar cheese, . ’
¥ processed . . ’
7 A Bwiss chcese,
- ) commercially :

~. . F--. L .~ _ prepared po-- . B

s tato sslad - - . 3

4. R.B.A, 37F. Commercially pre- Vasomotor rhini- Karaya Dust

. T .« .. pared cake tis Arabie -

_ icing, com-

. mercially pre-
= "pared wkipped
cream, ice

cream mixtures

0\1 Commerciaily pre- (zaﬂuomtesnnal _ Karaya

Dust, animal epi-

© pared cake allergy: epi- Tragacanth - thelia, tohacco,
ieing, fillings - gastric distrcss, Arabie timothy, rag-- -
«% " . in candies, belehing, flatu- . - weed, mush-
! cream checse - lence, diarrhea’ - ’ room, spinach,
- L - banana
J3 ML Certain Lrands Vasomotor rhiniy- drabic Dust N
A0 . of tooth paste tis: clogged® ~ Karaya - s
- - nose¢, running  Tragacanth R .-
ST ~ e < - nose. sneezing : : .
7.M. Q. .- 45 M. Certain brands Bronchizl asthma ‘Iragacanth ‘I'recs, graﬁscs» -
Y. N - - - of gum : . Arabic mg\\eed dust <
. -« B.G.C.. 35M. Gelatines, com- _ Urticana, angio- Karzya . Dust, trecs, rag-
F.. . - = 4 . mercial edema, itchy  Tragacanth weed, amml_\l _—
S ee Lot ~ whipped cream -, gums - ~ Arabic epuheh.x_ »
Syt © in *‘charlotte oo “a e L R
e © . . -russe,’’ dillings’ i . o
e - o7 . in candics . ST
: ¢.B.D. 16 F. Ice cremn mix- Vasomotor rhini- Karaya Dust, trees, . .. %
. ture, frozen tis, bronchial Trayacanth grasses, rag- =
- custard asthma Arabic weed, animul -
. . epltlxelm - .‘-
V. . D. 55 M. Commercially pre- Vasomotor rkini- Karaya I'rees, grasses, :
. pared sulad tis: nazal con-  Prugacanth dust, cho«olat& -
dresyings, gestion, rhinor- Arabic . orange -,
. - shrimp sauce rhes, clogued oL .
- . and other nose. snerzing - e %

.
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St,nmuz\' oF Tm;m: 1 AT

-~ . - KUMBER OF . - NUMEER GIVING POSITIVE SKIN
- .'.TOTAL : INDIVIDUAL ¥OODS | TOTAL NUMBER ~__REACTIONS TO TIIE GUMS
% xo. of AGE CONTAINING THE OF ALLEXGIC . . - TRAGA- ..
SUBJECTS] RANGE’ GUMS . |. MANIFESTATIONS | KARAYA ARABIC = CANTH
Jo . 1153 19 7 8 ST [
7 males . years . . - -
-- males : ' : . S : ..
-~ Cake icing (com- DBronchiul asthma . L.
. mereially pre- . Allergic cough : R
. pared) Angioedema .
) Cheddar cheese Gastrointestinal - ST )
{processed) ellergy o -
. Cream cheese . Urticana - i .-
Fillings in condies Vazomotor rhini- e e
. Frozen custard tis . DR ¢ e
s Gelatins .. Itehy gums’ ST ., e
Guin (certain - . . . .
. brands) . T L e
- “ % lee cream mix- R o <. v
- " tures ‘ - o S
Gelatin . . C Y L S
s -Marshmallows = . . R S S
: © Mustard (com- : : ’
e mereially pre-
: pared) -
. Pie erust (com- - .-
mercially pre- A ;
. pared) :
Potato salad
(commercially =
prepared) . R
- Salad dressings
(commercially
prepared) ]
Shrimp sauce T
(commereially -
prepared)-
. Swiss cheese e
‘7 - (processed), = :
: Tooth paste
~ (certain . )
. > ~ brands) - DT .
- Wheat cakes =~ "= .~
. (certein o AT I
=" . brands)-, ..~ L
L Whipped cream . 5
S : - (commercially-~ A
R ’ prepared) PR
. : ' ' White enuce |, - =
- (commercially . ~o
Tl el oo o

<

. : T U R ' e e "'fu‘ s
Skm tcsts witli the gumﬁ, chmcal tridl and chmmauon and posmve sexolo"lc fmd-

‘ m"s confirnied these suspicious allergens as the causative agents.: The alIcrf'lc :
.; manifestations recorded in Table I were not only bastromtmtmal reactions but.
consisted alto of many other systemic reuetions of “allergy such as bronchial.
asthmy, generalized urticaria,” vasomotor rhinitis, and so forth. Elimination of
- the sucpected irritant foods.obviated thc 5y mptoms. Chmul trial repeatedly
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LR i " SEROLOGIC STUDIES

"Four ‘sera in this group were found to contain abundant antibodies, and
thus were suitable for passive transfer and neutralization studies. Results of
these studics are shown in Tables IT and 11T, respeetively. The dominant gum
antigens in these four subjects were: tragacanth and karaya in J. G. and B, D |
and arablc in A. S. and L. D. : .

, Tapwe II. P\s':m: TRANSFER Trsra IN SFERIAL DILUTIONS ON THE Pou.owx\c.
. . . GUM-SENSITIVE SERA .

. ’ . These sites were tested 48 hrs. later with
. . . : 1740 to 1/20 c.c. of:

s -

o : ot . 16 gum 19, gom 1¢, gum
- ). X, G. serum.—Test sites of J. G. serum %o EU > ¢ o
"+ in serial dilotions were introduced into karaya tragacantl arabic
the Lack of a nornallergic donor Reactions
-, Councentrate R marked marked marked
- 1310 moderate mogderate slight to
v . - moderate
~1:100 . slight slight ~ megative
S B. D. serum introduced in the same manner
v Concentrate marked marked marked
- SR 1: 10 . slight moderate slight
RN L . to marked
: - 1:100 - negative “slight negative
3. A. 8. rerum introduced in the same manner
e W Concentrate moderate moderate marked
e g 1: 10 slight slight moderate
. : - 1:100 . negative negative negative
4..L1. D. serum introdoced in the same manner .
Coee oo, Concentrate - . moderate moderate " maurked
e T - 13 10 . slight slight to marked
e . . o - : moderate
B 1:100 . shght slight slicht

P : As can be seen from Table 11, J. G, B. D, L. D, a2nd A. S. showed strongly posm\e
sere’ whnch tmusferr;d passively on a nonallergnc "donor.

= I'rom the neutrah&.hou studles the followmg conerete conclusions may be
. "drawn with respect to cross reactions between (1) traﬂacdnth and karaya and
(2) between tragacanth and arabie: . . . .

(1) In three of the four sera studied the evidence is presented that traga-

- wnth neutralizes karaya. In one serum (J. G.) in which the addition of

1ragacanth to the serum failed to neutralize karaya, karaya was an unusual
“highly dominant elinical antigen in this subject.

: (2) It was previously shown by the writer® {hat tragacanth ncutrahzes

- arabie, but arabic will not neutralize tragacanth. Apparently this pertains only
-in a serum in which tragacanth is the morve dominant antigen. In the present

" study upon these hishly gum-sensitive sera, it is evident that the elinical sen-
sitivity dominance of cither of these two antigens determines the capacity.of
one of them eithier to neutralize or not to neutralize its mate.

O

INGESTION OF THE POWDERED GUMS IN SENRITIVE SUBJECTS .

Expcmncntal Studies. -——']‘ho vegetable gums, karaya, tragacanth, and arabic, e
s wyx)\ my; form and 2N e Af ﬂ\n mived enme warp-eale )
fl«/ oF To fa
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9 and 10) were fed powders contammg thcse gums, and one qub;ect (Case 1)
was fed eandies containing gum fillings. Results of these experiments were ob- .

served and recorded as follows: e
Ingestion Exzperiment: Case 1 (R. L.)*® }\ud mamfested 1he clinieal forms

of allergy as vasomotor rhinitis and gastrointestinal disturbance from the in-

gestion of foods containing vegetable gums. A brand of cream cheese, fillings

in candics, and marshmallows were found 1o be the incriminating sources of

allergic symptoms.

Tasre III. NEUTRALIZATION TESTS

Three sites of .1 c.c. uf each mixture for exch .
serum were introduced into the skin of a
nonallergic donor, After 48 hours these

A, Equal parts of J. G. serum and the three: gites were tested with 1/40 to 1/20 c.c. of:
gum antigens of 16 conrentration were
‘mixed separately in vitro as well as equal 11\,£rag-u;n ’ t%;?b acg-:lnn:h ltﬁa&m
parts of J. G. serum and saline as 8 aray ragact
control:* * Reactions - .
i J. G. serem + karaya slight marked moderate .
J. G. serum + tragacanth marked moderate moderate
J. G. serum + arabie : moderate marked slight
. Sanie method of mixture, using B. D.
serum as follows: - -
B. D, serum + karaya very slight marked moderate *
B. D, serum + tragacanth slight . . moderate negative
B. D, serum + arabic moderate marked : negative
C. Same method of mixture, using A. 8. serum. . : - - .
as follows: - - . A
A. 8. serum + karaye - . very slight woderate marked -
A. S, serum 4+ tragacanth . .negative * very slight . marked
A. 8. serumn 4 arabic . slight slight slight to
R o . “ negative
D. Same method of mixture, using L. D. serum . R - .
as follows: T : -t -
L. D, serum + karaya very slight -moderatc moderate
: e T -~ to marked -
L. D. serum 4 tragacanth 0 Loslight Lo - very ahght marked - - -
L. D, scrum + arabie ’ . slight -~ .7 moderate . slight C PR

*Serum plus saline controls were .carried out in each of the four sera; the results re-
sembled closely the serum dilution passive transfer t‘s s gi\en in Table 1I. . e .-

SO

-

The following mvrestlon c\perlment was carned out in this subJec (Thls Lt o

" patient’s favorite candies had been declared, by Dr. Pacini 6f Universal Colloid -

Company, to contain the vegetable gums.) ™ For the evcpemmcnt Dr. Pacini ar-

ranged with a candy manufacturer to make up candies in two distinet layers., Y
The top layer contained the vegetable gums, the bottom lay er contained 1o vege- - T -
table gums. The patient, of course, had no knowledge of the contents of the e
candies. The layers were interchanged and fed to the patient at various inter~ ~~.-. .
vals. Onset of the gastrointestinal symptoms in the form of belching, nausea,” '
epigastric distress, and fatulenee were invariably rcported after ingestion of

" - the candies containing vegetable gum fillings. L. R PR

e -,

Ingestion Erperiment: Case 5 (4. G. )* ha d bccn found markedl\' sensitive
to karaya, tmg.xc.mlh, and avubie. -Trial and error mcthods disclosed the fact |

v - . . e - . - . .
‘;.,,..‘, S amt . - . . - .-
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i “that mgcatmn of cerlmu commema)lv pxcpnred c‘ﬂ\e lcmgs, certain ﬁlhnos m s
- .candies, and certain brands of cream cheese known to contain the vegetable [+
-4_ Jgums had invariably resulted in symptoms of - epigastrie dlstress bclc.hmg,' :

- flatulence, aud a most disturbing severe diarrhea. )
2. .. - The following experiment was undertaken: The pauent was gwcn rowders. -
4. each containing 300 mg. of the mixed gums, namely, karaya, tragacanth, and -
=" ercbic, to be taken overy two hours. Six hours after the initial ingestion of the

. powders (after an intzke of 900 mg.) there resulted e soft stool. After an in.

: ’t'zke of 1,200 mnz. there resulted a definite diarrhea; there were also associated

- “symiptoms of cpigastric distress, belching and flatulence. A single dose of 2,100 -

" mg..of the pow ders produccd mthm three hours, all ot the svmptoms statcd
'f.‘abOVe. R A
« - Ingestion E:rperm'ent Case 9 (P D )* had been found marl\cdlv sensi-

'_ -"tive to karaya, tragacanth, and arabic. Ingestion of ice cream and frozen custard

+ known o contain the vegetable gums produced symptems of vasomotor rhinitis
. and bronchial asthma. Ingestion of the ‘same foods frec from the \c"etable

“gums was normally tolerated. T

~-. _ 'The following experiment was carried out: on the morning of June 5, 1948,

- the patient was given powders, each containing 300 mg. of mixed gunis, namely

» karaya, tragacanth, and arabie, every two hours. Soon after the intake of the

+* powders, the patient sufiered marked nasal congestion, rhinorrhea, and blocked

.nasal passages. After the third dose of the powders she sensed definite con- -

stnchon in her chest, with audible ‘wheezy respirations. - Asthmatic breathing

& “was marked at about 3 p.M. That afteinoon the patient was forced to leave

--school and was confincd to the house the rest of the day. She eantinued to take

*..the.powders in the late afternoon and, after having taken 1,500 mg., the symp-

< toms of vasomotor rhinitis and bronchial asthma became markedly and pro-

. gressively intensified. She was forced to resort to ephedrme sulfate capsules

N for relief of the symptoms, = . .. -

. 7mcstm Fa:pcnmmzt' Case 6' (A S.)* had mamfebted symptoms of se-
-;vcx'e \:Lsomotor rmmtxs when applying certain brands of tooth paste as a denti-
Irice. ~ The patient was found markedly scnsitive -by direct skin test and by
passn‘c transfer to the vegetable gums, karaya, tragacanth, and arabie. i
¥ «The following experiment was carried out on this subject: At 5 p, of
- May 10t h, the patient was given a total of 2,100 mg. of mixed gums in powder
Jform, with one-glass of water. "At 5,20 p.y., there oceurred marked clogging -
of thc nose, eontinuous marked . rhinorrhiea and profuse discharge, and a good -
de..l of sncezing. Examination of the nose revealed bilateral edema of the
Juueous rncmbranes; the right inferior turbinate appearcd greatly engorged -
and water-logzed. There was marked obstruction on both sides of th&no;e due “._-
to 1he edema, rhinorrhea, and mucons discharge. ST e e ]

" The control subject was G. L, 15 years of age. The skin test to l-.arava was .. ¢
4 plus and to tragacanth and arabie, respeetively, 2 plus and 1 plus. This sub--
Jeet gave a negative history regarding the ingestion of gum- contammg foods.
He was considercd elinically nonsensitive to the gums.

v aem . -
Hl

*See Table I. : PR AT RS S
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On the same d"v nnd at thc same txme’ the ingestion expenmcnt was carried *
Qut on patient A, S, the control subjeet was given a similar amount of the gums
(2,100 mg.) in powdcl form. The result was negative.

; " Tugestion

K pcrnnent.

Case 10 (I. D)*® had been clinically sensitive to

~the following

saunees known

gum-containing foods: salad dressings, shrimp sauce, and other

to contain the w«vctahlc gums.

proof in this subjeet:

The following events served as -

The direct skin test with karaya was moderate; to traf*acanth it was marked; -

end to arabic, it was markedly active,

- TABLE IV,

INGESTION EXPERIMENTS:

- - LY

SUMMARY TABLE

CLINICAL . A

FEEDING METRHOD " MANIFESTA-
EMPLOYED IN OTHER METBODS TIONS OF TIME INTERVAL OF
. ] AGE AND REFRODUCING OF REYRODUCING ALLERGY . | ONSET; DURATION
SUBJECT SEX SYMPTOMS SYMPTOMS PRODUCED OF SYMPTOMS
R, 1. 22 P, Vegeluble gums  Feeding cream Epigastric dis- Onsct within
: in fillings of cheese coutain-  tress, belch- minutes; lasted
- candies on top ing gum, con- ing, flatu- mauy hours
- luyer; no guins trolled by other  lence, nausea :
on bottom layer; = typez not con- - .
layers inter- taining gun, oL, -
changéd - and marsh- ‘ S R
: : mallows o TR e e

J. G. 29 M. May 28-23: 300  Gum-contzining . Epigastric dis- Onset within 4
mg. mixed -cake jeings, ™ tress, belche to 6 hrs.;
guns in pow- certain fillings . ing, flatu- .~ lasted 12 hra.
der form every in candies, lence, diax- - ., ¢ o ¥

"2 hrs, Total:. certain brands thea | . . -
. 1,200 mg. of cream: cheese ' e e t .

* g June 10: 2109 . R - 4
me, mixed gumns W
in powder . -

. form, in one "
. dose . < L e, e TR

A, 8. 13 AL 2,100 mg. mixed Certain brand of  Severe acule “Onset in 20 min.; - f T

- - gums, powder *~ tooth paste . symptoms of ]asted 1 hr, R

form,-in one - R "'. vasomotor s

w2 T dose, with ¢ne. * ™ . S aw - rhmms o - 7'- .
. . ~  glass of water s - - R S
B. D, 16 F. 300 my, mixed -~ Gum-containing \ asomotor . - Onset within 6
©o - s gums in pow- ice cream, fro- ‘Thinitis, * . hrs.; lasted - .
", der form every - .zen custard ~ ;. bronchial® o 24 hrs. - e 7
2 hrs. Totalr= ... . .. - 7. .7 'asthma ST fLoT
- 1,800 me.- © 0 L - Clar et e T
LoD, 55 M, 21 mg. wixed  Guw-containing - Nevere acute ° QOuset within 310«
- gums in pow- - salud dressings, . gymptoms of_ ‘min; lusted ; o
. . T der form with shrimp muu., C \nsumolqr e 3 hr*. SRS
: Lo 2~ one glass of e*c. - thinitis  « 7 ©
T water - R S e o
R o t . e
% MR " : Intr:u’.cm:ﬂ tests” * 7 U5 ~ s SR TR
U < with the gums  « 7 7wt Temet L

R

Tu ‘this summary table of the ingesticn experiments we note 1)'uncular))l the foliowing: '
the onset of symutoms occurred within minutes und -

in the cases of R, L., Al S, aud L, 1)
lasted muny hours in the firet nond Last it sees, and cue bour jn the case of A, S,

" In tho cnxes of J. G, unl B, D, the ouset of symptums ocenrred within four
hours, and lasied tmlu ho..uw ia hxc Torner .xm'l twenty-four hours in the lutter.

. . P e BT YN
. '\L‘ Tdbnh 1. S lavaen STaTeme

Tree Tuble L srsclam omion T~

to ux
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-On J\me 10 ]9!8, when u.stcd mtra.dcrmally w nh these gums for the first =
tlmc a reaction manifested itself in the form of severe vasomotor rlumns b
eharacterucd by marked nasal congestion, rhinorrhes, clogging of the nasal E
passages, and severe sneezing. This veaction lasted three hours and was ‘only -: "
shr*hﬂv nmeliorated by Trimeton. % : - : .

On June 22, 1948, the patient was e\ammed and his general condition was
found excellent; the condition of the nose and throat were also excellent. He
was again tested intradermally with karaya, tragacanth, and arabie. Reactions
to the skin tests were positive, similar {o the previous results, and a similar
reaction, severe vasomotor rhinitis, resulted. This also lasted three hours.

. On July 25, 1948, the patient was given 2,100 mg. of the mixed gums,
karaya, tragacanth, and arabic, with a glass of \vater A response similar to
the above two reactions resulted. :

TABLE V. er'no'\' oF TIE Dom\w A\Tmr\s AS DETERMINED BY SEROLOGIC STUDIES
. AXD DIRECT Sm\: TESTS 10 THE OBSERVED CLINICAL MANIFESTATIONS IN FIVE
. - . HIGHLY SENSITIVE SURJECTS :

. DOMINANT ANTIGEN DUMINANT ANTIGEN CLINICAL
SUBJECT BY DILECT SKIN TEST BY SERGLOGIC RESULTS MANIFESTATIONS
R. L. Tragacanth Not avatlable Gustrointestinal allergy
J. G, Pragucanth T'ragacanth Gastrointestinal allergy
L . Karaya Karaya .
- AL S, Arabic Arabic Vasomotor rhinitis
v L Arabie . Arabie - Vasomotor rhinitis
=B. D. T Karayva ] Karaya . Bronchial asthma and
s s - - Tragacanth L Trugacanth vasomotor rhinitis

-~ Tn four of these subjects, serologic studies were made, in addition to dircet skin tests
for the determination of the dominant untigen. In the two subjects with gastrointestinal
“allergy, tragseanth.and karaya were the deminant antigens. In the two subjects with vaso-
motor rhinitis zs the allergic manifesiation, gum arabic was the dominant antigen; while
in the cne subject with bxonvh.'\l asthma und an assaciated vasumotor rhlums, l\:‘ra)a and
tragacanth were the dominant autigens. .

e

R . . . .
DISCUSSION - ' : e ’

The prcsent mport deals mth allergie d1°orders causcd ‘by thc mgestlon of -
thc vcnetable gums, karaya, tragacanth, and arabie. These gums were contained
.in certain brands of foods to add bulk, thickneéss, and binding quahtles, ior the .
pumosc of “‘enriching”’ the foods and making them ‘‘hecavy.” -

Yrom the ﬁgurcs supplicd by various importing houses'?" reoardmo the
amount, in pounds, of these three gums consumed anpually in the United States,
~it would appear that, if distributed equally per capita (on the basis of the 1940
census figures for the total population of the Uniled States), there is a pos-
" sibility that each person could be exposed to an average of 300 mg. of the gums,
karaya, tragacanth, and arabic per day. Therefore in our ingestion experiments
we used 300 me. of the mixed gums in powdered form, and results obtained
showed that very small amounts of these substances were capable of producmg

severe allergic symptoms.  This fact has been previously reported.r* . =" . .

It is also possible that on certain days the gum intake from foodq for cer-
hm iudividuals might be doubled or even tripled; for it may happcn that on a

T B S e
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p.ntmulzu' day an’ m(hudu'ﬁ \\ou]d -mclude in his m"csuou menu a complcte
. five-cent package of gum drops, some gum- c;tablwhod ice cream, a gum-cmulsi-
_fied salad dressing, a gum-containing piping or icing , a gum-rich pic filler, and
smular items for whieh the gums are used. This \\ould naturally result in in-
¥ ereased allergic symptoms and would account for gradations of sy mptomdtolonv

« from the use of the gums in certain allergic patients. »

- Thus eur patient J. G., who reacted with gastrointestinal sy mpmms from
‘the gum-containing foods, would on some oceasions have suftered only belehing,
eplwastmc distress and flatulence, and perhaps only a soft stool, while on otlier
oecaslons a severe diarrhea would have been an additional symptom. .

. In a general way the major clinieal manifestations of allerey resulting
“from the ingestion of the vegetable gums encountered in our ten subjects were
bronchijal asthma, urticaria, angioedema, vasomotor rhinitis, and ¢ gastrointestinal

_symptoms. There was no instance of migraine, acufe or chronic eezema, or
other manifestations of allergy traccable to the ingestion of the vegetable gums.
The four positive sera made available in the present series lent conclusive
proof of the role of the gums as sensitizing allergens in predisposed persons,
- and served as a means in determining the dominant antigens in these subjeets. -
The vegetable gums employed otherwise than in foods were the subject of
a previous study,” indicating ‘their sensitizing qualities by inhalation and ex-
_ternal contact. It should be stressed that a‘considerable amount of gum arabic
finds its way into adhesives, and.a considerable amount of gum tragaeanth is .
‘used in cosmetic and pharmaceutical pxoducts also that large quantities of
karaya are contained in hair dressing, wave set, and other lotions employed for
external application. In view of the wide usage of these gums, it is necessary
~{o include them constantly in our testing tray. ' .
) Gums chemically similar ' to- these principal commodmcs are frcquenth
employed in their stcad, such as cherry tree gum as a substitute for arabie;
; locust as a substitute for karaya, and algin and other gums as partial substitutes

o =% GELFa

S Y e

for tragacanth. Similarly, to counteract untoward reactions frequently oe-" -

ewrring from laxatives, colloid laxatives are substituted at present. “Synthetie . -
‘mucilages such as polyvinyl aleohol and methyl cellulose are now employed to

provide hydrophilic colloids which do not produce the usual side reactions of

_the vegetable gums. - These hydrophilic colloids are-not absorbed by’ the m-f

“festinal mucosa, are-not degraded by intestinal enzymes, and‘are not antigenie.’®

* - Phe following data re{:ardm" the use of the gums in the food: consumed by,

. = our patienis has been supphcd to the author aud by pcnmsuou, are hcrethh
hsted'“ RS S L S ST

- . - e . T . - ;.-" . 2 .
. Gramft“-A fuquont pravtlce ir th.nt of nd:]mg gum tra"acmntln to xmpatt thzcl\emng
. ordinarily achieved with flour and starebes; =+ . * ST

* Prepared Mustard —Some hmnds are - tluc}.uxcd mlh k'xmm or lo«'uit to prevent repan--

twn. . . 5 N e e e : -
f “Processed Chedilar Clm se,—Most prm essed rhcc~ﬂ c.ont.un guuh, ,]mrlu-uhrl\ knm).x,
Jocust, and, very rarely, tragneanth. = ey e - I R
Processed Swiss Cheesc.—Sce Proccssed Cheddar Chn‘.«. ST e ey
LPrepared Potatn St l—The dressing is thic keued with karuya, .-
. ‘-'-'-\.."‘;.."..‘-\—.'7:.; R P o R TS U . . .o g

-

White Sance~—N\x in the cuse of gravies, gum thn kefiers aro u-tul prmmp.dlv tm"nr.nnth. .
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LR Calr Iomq Mutures.-—'rhew conhuu gum ambxc nnd le«s often, enther ko.rn)g ors.
; . Adecuste. e PR 5
4' T Co"ll"ﬁ'(‘lo' N‘hepprd (‘rcam ——Fn‘quenth stabmzcd by & nxwtu c of sugar, comstarch ,
gel. tin, agar-npar, salt, and vanilla, During the war, (’xfﬁculty in procurement of agar led

at _to its replacenent in many instances by either kara)a, Jocust, tmg'xc'mth, or, most gt‘nera]ly
L * wodiom alyivate. - This practice still persists,
B Jee Cream Mirtures.—Theso contuin karnys and/or locust Sodiun algmate is useq

- . “in some, but karays is mere prevalent.

., = .Fillings in Candies—Soft centered _cendies usually contam con-xderable gum i\rabnc. .

% In tome instances karaya is used.

. - Cream Cheesc—Packaged cream cheez«c is labeled with an mdxcatxon that it carries g
% *éyegetable stabilizet,’” wost nlwaya knraya.
- * Tooth Paste.—Soric tooth paste is free from gums, but some carry uronic acid gum,
T ‘generall\‘ karaya and occasionally locust as & substitute for karaya.

_ Ccertain Brands of Chc‘umg Cum.—The seoveity of chicle during the war resulted in
"." the developinent of numerous pum gubstitutes, and in the change of several chewing gum

s < formulas which included then (=s many still include), gums such -as tragacanth and, more
N rarely karaya

‘ - Chmtolre ERusse~—The whipped eream ﬁlhng is stiffened with a gum, which ‘replaces
. the agar-agar formerly used. Karaya is the commonest choice.

¢ Shrimp Sauce.—See I hite Sauce.

Y- _ Salad Dressing.—With the exception of mayonnaise, which “ould he considered adul
e . terated by the Governwment if it coutained gums, vther forms of alad dressing substitutes
. "for mayonnaise cootain thickening agents, prmcxp.dh karaya, Iocust and, less frequently, -
- tmgacanth
; ; Marshmallows—()rqunl) marshmallows are gehtme ‘confections and are devoid of
.added gums. Oceasionally, however, gum sacacia is added. When marshmallows are prepared
~from Althea oﬁxanalts, 1t. is & tradc secret to employ gum acacia to insure the rigidity of
thc confection. . - ’

- Certain Bronds of Wheat - Cales.——l-‘ew prepared griddle cake flours disclose the'
p:esence of gum in the list.of ingredients. Despite this, 2 number of preparcd flours con-
tam small amounts of the order of one-half per cent of Lara\ a. ) .

4 -..,

.1‘..—_

_ SUMMARY ' L
o L Thc \‘cgetablc gums, tlaoacanth karaya, and arabic, may causc allergic
* ,'dJsordcrsby ingestion in sensitive subjects. ) - o

- 2. Ingestion cxperiments with these gums carrxed out in ﬁve sensmve sub-
i }Jects established the etiological relationship of these allergens to the allergic
~manifestations produced. : -
- 3. Passive transfer tests in senal dllullonq as w ell as neutrahzatlon studxcs

R

<
: N "conﬁrmcd the allergenic nature of these gums in the sensitive subjects studied. -
P .-, -. 4. Widespread employment of these gums in food and other industries is

“ Lt a ha7ard for the sensitive individual from ingestion, inhalation, and surface
e contact of these gunis,

-7 5. Substitution of other gums. for trar"xcmth karaya, and arabxc and ol
synthetic mucilages and celluloses will help in offsetting the danger of sen.;mza-

t:on encountered from their use. - _ o e i3
o . v & .;.- =
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- _ pISCUSSION . . . .
STEARNS 8, BULLEN, SK, Rochester, N, Y.—Allergic reactions following exposure

to vegetable gums mre not very frequent, but when they do occur they are likely to produce

gevere and explosive symptoms. . ..
It is kuown that the vegeiable gums produce symptoms in susceptible people by con-

tact and by inhalution. Dr. Gelfand has given further evidence, that the ingestion of these
" gums may result in allergic reactions. :

His case rcports illustrate very well the fact that an jngrested substance may produce

yeactions not only in the gastroiutestinal tract but also on the skin énd the mucous membrane
of the respiratory tract and further that reactions may occur in the respiratory tract without T
any symptoms referuble to the gastrointestinal tract, Also in ‘one of his cases, although
there was a four plus reaction on skin testing, no symptoms occurred on exposure to the gum., -~
While all these plienomena ave well known, it is scldom that they nre =o well illustrated in -~
& small group of cases. S ;oo T

The constitutional reaction occurring on skin testing in one ense which was intentionally

reproduced should serve as a warning that.skin testing with these vegetable guws is not
without danger and should be done with the same care g wi
and so forth. . . : - -

-~ o

Dr. Gelfand 's list of substunces in which these vegetable gu-xﬁ& gfe used ‘on 3 com-

-~ .
L N N L TP

th extracts of fish, cottonseed, -

K

-
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Gum "~ razacanih in Iran

.

Several species of the genus Astragalus, growing wild in
Iran, Iraq, Turkey, Afghanistap and adjacent Russia are
the commercial sources of this exudate, obtained by tap-
ping the branches or roots. Its hydrophilic and colloidal
properties are of value in the manufacture of ice cream,
liquors, lotions,.sizings and other industrial products.

HOWARD SCOTT GENTRY *

Introduction

In Iran gum tragacanth plants have
never been cultivated in any way, only
exploited in the wild. aecording to the etr-
cumstances of market and the country
inhabitantx,  Until recently they were
given no particular attention ax a1 con-
tinuing asset, but a national law or regu-
Intion now prohibits destruction of any
gum tragacanth plant. However, at least
some of the speeies are =till used hy the
tribal people for badly needed firewomd,
and extensive stands of the larger high-

“land shrubs are reported to have been

destroved in recent times for this pur-
pose. Uses of the guins have been in-
ereasing in reeent years, and  higher
prices have fuiled to inercase supply.
The growth of the industry appears,
therefore, to depend upon conservation
of existing stands and  their inereasc.
Also, the question of cultivation appears
to be at hand,

The aren of gum tracaennth in Tran
has an arid temperate olimate of - the
Maediterranean  type, or with winter-
spring precipitation and reainlesss sim-
mers, Annual  avernge  preeipitation
ranges from abowt five to 20 inches, parl
of which falls as snow, ierensingly =o in
the higher elevations,  Frost i~ of annual

* Seetion of Plant Introduetion, Hortieultnrad
Cropx Researeh Braneh, Asvienltuen]l Research
Serviee, United States Department of Agrieul-
fure, Plant Industry Station, Beltsville, Mary

Fanel,

vecurrence through the area, Tt is light
and of low intensity in ~outhern regions,
as about Shiraz and Bam., The frosts
are heavy and enduring in the high
mountain clevations and may reach as
low u= 0° F. The growing scason of the
southern regions and lower elevations
begins with the first fall or winter rains
amd eontinues aceording to temperature
and moisture until carly =ummer. when
s0il moisture 1= virtuadly exhausted, In
higher elevations wand northward  the
growing scason is much shorter, follow-
ing snow melt and continuing until mid-
stnmner.

In Tran the plants oceupy arid and
=emi-arid highland slopes between 4,000-
amd 10000-feet elevations,  They are

Dartial to the lTmy well-drained <lopes

40

and footplains of the mountains, fre-
quently  appearing most at home on
rocky =oils, all of which belong to the
category of gray carths. The better pro-
ducers of gum tragaeanth appear to be
the small, desert, eushion-type bushlets,
only a few inehies tall and low-spreading,
in the fower elevations hetween 4000 and
7000 feet. The larger speeies, forming
thick-brunehed shrubs, three to six feet
talll are generally restricted to eleva-
ttons dhove 7500 feet and produee fower
erades of g, Doubtless, there are ex-
ceptions to this, but suel is the seneral
ease for the arvea visited by the author
in 1935, munely, the Zagros Mountains
frome Xhiraz to Tabriz, and the adjaeent
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slopes of the Fl Borj Range. The dry
sunminer elimate is uportant to the pro-
duction of gum, and riins are reported
to curtail huarvest,

‘The Plants

Gum tragacanth plants are perennial
legumes, all belonging to the genus Ax-
tragalus, section Tragacantha, eharae-
terized by spine-tipped deaf  puehises:
sessile or subsessile flowers, glomerate in
the axils of the leaves: and one-seeded
pods enclosed in hairy persistent ealyees,
The inflorezcence i= conspienously white
hairy, in some speeies giving the effeet
of a cottony ball investing the distal
part of the branech (Fig, 7. From this
appearanee come =uch native nuames as
“panbeh 7 and * pachimaeh U0 meaning
“eotton T oor fcotton-like 7. The mid-
ribs of the leaves form a spiny protee-
tive armature for the plants, both during
the short term they hear leaflets and for
nmuny  yvears thereafier.  As they lose
their green color amd turn yellowish (o
hrownish, they apparently perform. but
fittle physiologien! Tunetion after the
first xeaxon of growth, The stipules aee
enbareed, forming wings al the hase of
the petiole, elisping the stem and fowers,

The better mum plants are small. low,
bushy perennials, frequently of eushion-
like form (Figs. 1, 8, 90, They =cldom

steh 30 em. in height and frequently
are only eight to ten enn tall, They have
relatively lnree tap roots, and it is these
which are tapped for gum (Fie, 3y, A
few of the speeies form ereet hushes or
shrubs, the branches of which are tagped
Tor gum, but all of those ohserved by the
anthor in Persia viel! inferior gradis of
s, The largest ave reported to rench
Wo meters in helght, Plants one and
mie-half meters in height, with thick
wide-spreading branehes, were ohserved
i the Zagros Mountains.

Although the above-listed eharneters
distinguish gum trurmennth plants bo-
tanieally, their most remarkable feature

ix aeentral gum eylinder. This appenrs
most highly developed in the roots of the
smalier species, e, Asfragalus gossypi-
nus awed L eehidnneformis, the mature
top= of which can be covered by an ondi-
mary hat (Fig 81, A Jongitwlinal sce-
tion of a mature root diseloses the ecn-
tral exlinder to be completely filled with
an opague  gel-like substanee without
appuarent  cell structure or pith.  The
anatomy of tragaeanth stem was exan-
ined us early as 1857 by von Mohl (2)
who found that the pith and medullary
rayvs of the eentral sevlinder metamor-
phiose into the undifferentiated material
compoxing the eentral uniform mass of
zuim, Prestably there is a similar on-
togeny in the root. The gum eylinder is
contained by the woody evlinder with
annlar vrowth and with numeroux con-
sprenous nedullaey rayvs radiating out
from the centeal evlinder.  These also
are turgid with gcum during the dry suni-
mer season,  The diuneter of the gum
exlinder vartes a great deal among ape-
ciex and 1o a less extent between indi-
viduals within a species. In non-com-
merein] Tragaeantha it i wsuatly only
one or,al most, two millimeters in dian-
cter, while in the =maller productive
desert plants i ix relatively very laree,
the dinmeter of the g eylinder near
the root apex measurving as mueh as
vight to ten millimeters or nearly half
the folal dimmeter of the root,  These
plantx are true xerophyvtes with the en-
Lrgedd s exlineders appearing as nutri-
ent amd moisture storage oreans, s s
common in many fortms of other xero-
phytes in all arid elimates with long dry
ACASONS,

A vood gmn-producing plant ean be
determined by cutting the tap root and
inspecting the gum evlinder, a proeedure
whieh <should be useful in seleetive breed-
ing or seed colleetion, In some species
the cum exlinder is simooth und elean-
sided, ax in Astragalus gossypinus; in
aothers 1t contains rageed  fibers which
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may be forced out with the gum, making
it difficult to pull off the dried exudate.

The gum is contained in the evlinder
at high pressure, as is casily demon-
strated during sunnuer by cutting a sce-
tion of root or stem. The gum will exude
from both cut ends, but mainly from the
upper. The writer has observed the exu-
date to reach about an ineh in length in
a half hour or so. This exudation was
alxo observed and reported by Hanbury
{2). The osmotic pressure of this seere-
tion must be very high and may account
for some of the coloring and impurities
in the exudates, as its contaet with cut
tissues during extrusion indicates imbi-
hition of cell sap from pliloem, cambium
or hark, The large gum eyiinder of
Tragaeantha  explains why the small
plints are capable of yielding amounts
of mum quite over-proportionate to their
size when compured to other g pro-
ducers, With few exeeptions, as in Ser-
eulia wrens, which contains karayviv gum
in the eentral pith ax well ax ine other
tissues, s exudates generally oviginate
from bark and phloem.-

Generally there are two types of gum
produced by two groups of plants: the
small gray bushes, " panbeh 7 or ** ghavan
panbeh 73 and the yvellow bushes, * gha-
van zardeh ” or ¢ ghineh zurd 0 The
eray bushes yield the sweeter, ¢élearer,
better grades of gunt, “ maftuli 7, while
the vellow bushes vield the yellowish
bitter grades, * kharmoni ™. The yvellow
appearanee of the latter plants ix given
by the russet or vellow color of the
broad, stem-clisping, persistent stipules,
The gray plants are found through the
ower elevations, between 4,000 and 7,000
feet, und are sparsely seattered xero-
phytes, while the vellow bushes may be-
come abundant through the higher ele-

Fro, 1 (Upper). The cushion form of veget:

sations between 6,500 and 10500 feet
(Fig. 2). Some of the latter species may
reach two micters in stature and are truly
shrubs. Demarcation between these two
groups is not sharp, for some of the gray
plants show yellow stipulex. and these or
others may vield gums of both ribbon
and flake grades. Likewise, some of the
vellow speeies were found to produce
ribbon grudes 4 and 5. On the whole,
however, the distinetion ts valid and
useful.

Nine of the following species wre here
first reported to vield gum tragaeanth,
making a total of 23 xpeeies now known
to produce the gum.  Appavently many
other speeies are still to be identified as
gum plants, =ince the Seetion Traga-
cantha in Boissier's flora (1) includes
156 speeies, while that of Parsa -(3) lists
104 species, many of which are additions
to what was known in Boissier’s time.
They constitute a very rich ageregate
for experimental investisntions,

Acknowledgment. of the generous as-
sistanee of Prof. A. Parsa of Tehean is
to be made for his wdentifieation of most
of the speeies here listed.

Astragalus adscendens Boisz, & Haussk.
*manna

Spreading shrub, 1-15 m, tall, with
rather thiek, mamerous, widespremding,

“decumbent to aseending stems, forming

a flat-topped crown, bearing grayish-
green folinge on short spur-branchlets:
leaflets 12-14, 6-8 mm. long, marrow,
involute, bluntly  mueronate;  flowers
lavender. many-glomerate in the axils
amd  enclosed  in the  acute  hyaline
stipules; latter Augnst and September
{Fig, 43,

Calearcous rocky slopes of the eentral
Zagros  Range  from Arak  Provinee

dion i the Zagros highlands west of Abadeh,

Semiron Provines,  Among the cushion plats ave Astragafus sengonensis, The shrub in baek-

geound ix AL myciacant s,

Fro. 2 (Lower), AU 9500 feet elevalion in

Azerhadjan with Kuhe Silund in backeround,

Phe ear is surroundied by o yeilow bash tvpe of gume tragseanth, Astoegolas sp.
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northwest throuesh Turistan and about
Kermanshah, (rom 87300 to 10000 feet
vlevations. Gentry <o, en. 10 km, south
of Khonsur, Arak Provinee,

Gum type-Flake grades obtained by
ineising the branches. "Thix was one of
the first tragneanth  species  reported
botanically by Hausskneel in the latter
mart of the last eentury,

It also produees o Persian manna,
tinding a1 ready market in Isfahan and
ather towns, where it is made into candy
or confection, <ome of which appears to
be exported.  The produet is produeed
as nsugar exudate from the leaves dur-
ing the fall when Tnnmidity conditions
are favorable, At thal scason the gath-
erers, equipped with a stick and Light
white eloth, go out among the plants.
Holding the cloth under the exuding
branches, they strike the branches with
the stick, and the dey finely granular
sugar falls upon the eloth, This sugur
exudate from the leaves is not {0 be
eonfused with the gim, which was not
regarded by the author's informants s
vdible,  The sugire exudate is nol o re-
slt of inseet punetures as has been ve-
ported for Twmarie mannifera,
Astragalus bracl peentrus Viseh,

Cebineh sard

Low spreadding bush with yvellow
branches and erown looser than cushion
type, 25-40 em. tall; leaflets smadl, 4-5
B, mumerous, 10-14, pale green on
Mle green rhachises which turn vellow
m age: flowers small, rather long-de-
soyed along the new growth: June,
The species i variable with what ap-
pear to be ceotypes; the variety koieanns
o Luristan was naumed by Nirpaey
L Gam eviinder generally large but.
Bugred with medullary tissue.

Valley and mountain slopes of the
Zagrox Range from Fars to Hamedan
and Luvistan, 6,000 to 8000 feet oleva-
tion, where it frequents the rocky eal-
carcous soils.  Gentry Nos 14969, 15165,
Bavanat Valley and adjacent mountain
slopes, Fars Provinee., 7.000-8,300 fect
clevations: No, 15995, 32 k. south-
westoof Abadeh, Fars Drovinee, 8500
feet elevation: alse doubtiully refereed
here is stertle Noo 7968, Bavanat Val-
fex. Furs Provinee, 7.000-7500 fect.

Gum type—Produces the lower grades
of ribbon wnd better grades of flake, and
ix an important produaeer in many loeuli-
tes, Tor instanee, Bavanat Valley, The
Lirger bushes are generndly cut along
the base of the branches or high up on
the tap root; the old <plit sears were fre-
gquently observed in the field,  Gum
siumples are reported in Table 111,

Axtragalus cerasoerenns Bunge
* gommer

Furts mediumesized to mdher large
cushion fype bushes, 20-25 em, tall and
30-30 em. in erown  diameter,  with
glineous-green folinge: the 6-8 leatlets
153-20 . long and rather vemote on o
strong rhachis: flower heads clongare,
e, and well below the braneh s,
Roots a0 70 e fong with gum evitder
oM i dimmeter. Vardetal dif-
ferenees are notable in the speeies. and
very large speeimens were veported to
reach ax mueh as one meter tall and two
meters broad on the moister more fertile
<oilx of the highlands around 8.000 feet
clevation (Figx, 3, 5).

Vidley slopes of the Zagros Riunge
from Fars Provinee to Azerbaijun; re-
ported by Parsa (5) also from Khorasan
Provinee to castern Tean, Ohserved on
the atrital alluvial and roeky slopes of

. P 3 (Upper). Astragelus corasoreenns witl, the large tap root exposed. It was tappunl
" plowing the previons Yeure The rool was fapped theee days prior fo rhotograph and pro-

vl the white exudate,

Fri. 4 (Lower). Asteagolus adseendens in the Zugros Monntains near Khonsur,  Besides

B prodiees the sagar manna of Persia,
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Astragalus_globiflorus Boiss.
“ golbanheh
Low, gray, cancscent bushlet with
whitish foliage, 34 pairs of leaflets, 12—
H mm. long; flowering heads below the
new shoots of the season: therefore.

flowering early.  Except for the light -

gray foliage. appears very similar to .1.
rerasocrenus and A, senganensiz,  Gum
exlinder not examined.

(iven as southwest Iran by Parsa (5).

Gentry No. 14995, 32 km. southwest of-

Abadeh, Fars Province, 8,500 foet clova-
tien, on limestone conglomerate,

Gum type—Stated by tappers to be of
zod quality; no samples obtained.

Astragalus -gossypinus Fisch.
“ panbeh 7, “ golpanbeh 7,
“ ghavan panbeh ”

Thix small gray bushlet has several
varietics. On the dry slopes in the Isfa-
han district it is only 5-8 em. tall and
15-20 em. in erown diameter, with gruy,
caneseent foliage; 8-12 ovate pungent
leaflets, 3-5 mm. long, along the spine-
pointed rhachis. The small pink flowers
appear in July and are extended shortly
from the cottony white, sessile calyees

in wooly white heads about the ends of

the short branches. The tap root ix
small, 1-2 em, in diameter, 20-30 cm.
fong, but the gum eyvlinder, 5-8 mm. in
diameter, jx relatively very large.  In
the Kermanshah area, where rainfall is
more, the species forms larger plants
'Fig. 8).

Along the caxtern slopes of the Zagros

Mountains from Fars Provinee to Ker-

manshah and adjacent northeastern Trag,
where it frequents the dry, ecalenrcous
i gypeiferous, well-drained, gray earth
'f'i!" between 4,000 aned 7,000 feet cleva-
denss Widely seattered and never ob-

served in eclose colonics, (¢ ientry Nos,
15268, 15269, ca. 10 km. north of Ker-
manshah, Ostan 5; 15680, ca. 35 km,
cast of Tehran: 15260, Kuhe Safed near
Isfaban; s.n., Estavant, Fars Provinee.

Gum type—Produces the best or rib-
bon grades. One of the most important
commereial species in the Istuhon and
Tehran areas. It ix probable that fum
from this species also reaches Bagdad
via the nomads from the weslem slopes
of the Zagros,

Astragalus microcephalus Willd.
“panbeh ™, ghuchu ) # golbanbel *,
“ golpachmach
Small, low, spreading, gray-canescent
bushlets, 8-12 cm. tall, 15-25 em. broad:
8-12 leaflets, 4-6 mm. long, ovate, pun-
gently tipped; flowers very late, not
seen.  Gum eylinder well developed, 6-8
mm. in diameter below the root erown.
Apparently a variable speeies {Fig. 9).
Eastern valiey slopes along the Zagros

" Range from Fars Provinee to the south-

ern slopes of ¥l Borj Range, fid, Parsa
(5). Cualearcous atrital slopes  4,000-
5,500 feet. Gentry Nos. 15 78, Bajea,
15 km. east of Shiraz, Fars; 15164, Kuhe
Bavanat, Furs Provinee, §,000-8,500 feet
clevatign, |

Gum type—Ribbon grades and stated
by the tappers and merchants of Shiraz
to be the best produced in that region,
Goad elear samples were colleeted and
weighed, Table 111,

Cdstragalus myriacanthus Boiss.

“ ghinch cheraghee

Ereet spreading shrubs, 6-14 du. tall,

-with thick stems, 5= em. in dinmeter.,
“thick spreading gray branches, and nu-

merous short spur branchlets with yel-
low searious appressed stipules, vellow
spreading thorns: the new growth white

P, 7 (Cpper). Anteagolus elymaitions near Shiraz, Fars Provinee, with root and exudate
“Mewed after digging. Note the hall-like cottony infloreseence at ends of the branches,
Fr. 8 (aower),  Astragalus goxsypiunns neay IsGihan with spirnding exudate, “This ix a matuve

-
TR Severn] vears old,

—— g
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pubescent with numerous small flowers
in June; leaflets numerous, 16-20, and
small, 3-4 mm,, ovate, mucronate, grav
pubescent.  Colonies of these flat-topped
bushes are characteristic of the high-
lands in many localitics in the Provinee
of Fars (Fig. 1). The branches of this
and related speeies allegedly burn well
and are used for fuel. :

Boissier (1) reported this shrub froin
Dend in the southern mountains, It
was obxerved frequently on excursions
through Fars to Charmahal in the cen-

tral Zagros at clevations between 7.500

and 10,500 feet. Gentry No. 15047,
mountain above Bajza Valley, enst of
Shiraz, Fars Provinee, on hmestone.

Gum type—Produces low quality gum
of flake grades from ineisions made along
the branches. The amounts obtuined are
greater than from the roots of the ~mall
gray speeies, but, sinee the value of the
gum ix very low, the bushes ave untapped
in many localitics.  Gum =amples are
reported in Table 111

Astragalus senganensis Bunge
“ gommel

. A

Low, dense, erinaceous perennials with
pale green foliage: 6-10 leuflets, 15-20
mn. long; short globose flower heads at
the ends of the branches. It closely re-
sembles A. cerasocrenus from which it is
distinguished by the short, distal, slobose
flower heads  (compared to non-distal,
oblong flower headsy and by the stamens
heing attached near the base of the sti-
minal tube (vs, attached high on stjumi-
nal tube).  The tappers encountered did
not distinguish between the two speeies,
The gum exlinder of the root is rather
small and rageed (Fie 1),

Mountain and valley slopes of the
limestone mountains of the Zagros Range
from Fars Provinee to * montagnes entre
Teheran et Ispahan 7, Parsa (5). Gentry
Nos. 14970, Buvanat Valley, Fars Prov-
inee; 14993, 32 kv, southwest of Abadeh,
Iars Provinee.

Gum type—Ilake grades, and o eather
low producer, Table 111,

In addition to the above-listed species,
observed and colleeted in the field
producers of gum tragacanth, the follow.
ing have been reported by other authon
(2.7, 3) as vickding gum tragacanth.

Al brachyealyr Fisch., from the Ana-
tolian slopes, including southern Kurdi-
stan and northern g, An ereet shreub
of the vellow group, doubtless cut along
the branches and yielding fluke grades,
s 1% conmmon in that group,

Al eretiens Lam., reported as from
Crete and southern Greeee,

AL eyllenens Boiss, & Heldr., from the
Peloponnese Islands,

AL eriostylus, Boiss, & Haussk., de-
seribed as a Jow shrub, 1 meter tall and
somewhat  erinaccous, from  southem
Iran.

Ao gunnnifer Labill, from the Ana-
toliun Platean in Turkey and Armeni:
as a low spiny bushlet produeing muek
of the gum in carlier times from thy
area. »

.. heratensis Bunge, growing in the
region around Herat in Afghanistan ami
adjacent Khorasan Provinee of Iran as
o low cushion type of plant.

Ao Rwvdiens Boiss., reported as from
Chormuh mountain near Bushir, south-
ern Iran,

AL letoclardus Boiss., reported from the
Zagros mountains of Arak Provinee with
decumbent branches, [t is plaeed in th
seetion Brachyealyx along with 4. wid-
seendens and AL myriccanthus; so it i
presumably tapped along the branche
ad viclds low grades of gum,

Aopyenocladns Boiss,, Arak Provine
in the central Zagros,  Forms o Jow
eushion type of plant, closely velated 1o
ALomierocephalns, v therefore is pre
stimzthly tapped on the root,

Ao strobiliferns Royle, deseribed
from the Haririd valley of northwesters
Afghanistan and closely  related to
glohiflorus,
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A sfromatodes Bunge, an erinaecous
shrublet from the Anatolian region,

A verus Oliv,, deseribed as from west-
ern Iran between  Kermanshah  and
Hamadan, with 8-10 leallets on a very
short rhachisx (2 em.).

It is to be expected that several others
of Tragacantha also produce the wum
tragacanth of commerce. Very little bo-
tanical ficld work. other than colleeting
speeimens, has ever been done with this
group of plants.  They are spiny and
difficult to handle and to press, It is
only to be expeeted that botanists have
frequently passed them by for other
easier subjeets.  In studying the roots in
the field, the writer found that several
other spiny species, but with peduncu-
late inflorescences, also produce gun.
Samples of gum procured from some of
these were pronounced by gum merehants
not to be gum tragacanth, but of inferior
sorts, and were Lnown in the trade by
other names, as “ shadeh ”, “ ghooreh ™
and “oshagh ™ (Fig. 11).  The =piny
plants having pedunculate inflorescences
are ther -fow te be exeluded from the
gam tragacanth group.

Gum Tragacanth in Commerce

History. It ix unknown how and when
man first discovered gum tragneanth, as
its use predates aneient history. Specu-
latively, hie probably used it first as food
when impelled by hunger, sinee ants,
goats, she vp and wild ~luv;v apvear to be
foned of (he sweeier Rinds, O he used
the more bitter varieties as medicine, for
stekness was an adversity that drove
tompanions of  the il to  innovation
through cult and mysticism,  Flickiger
and Hanbury (2) were of the opinion
that the gum was first used in historieal
times as an item collected from the hark
and that only later, ax demand ine reased,
were incisions mude to inerease supply.
It wax known to the Greek physicians
from the 7th to the 4h eenturies e
Theophirastus in the 3l century  ne,
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Fre. 9. Astragolus mie muphulue at Bajga,
Fars l‘lo\ mee, showing =everal inches of gum
tragaeanth from an incision made three diys
previous,

wrote that the plants producing it were
native to the Pelopouncesian Islands il
to Crete,

By 1300 an. it was an artiele of com-
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merce to Kurope via the trading cities
of Italy. Among carly travelers from
Europe to the Near ISast, who actually
saw and reported the plants with their
exudates, are Pierre Belon in 1330 and
Tournefort in 1700 (6). The Cierman
botanist, Huusskneeht of Weimer, visited
northwestern Persia in the latter part of
the 19th century, and some of Boissier's
speeies are based on his colleetions, [t
is one of the oldest drugs in Materia
Mediea and has been offered in every
edition of the U. 8. Pharmacopocia sinee
1820. A common Persian term for gum
is “katira ”. Some of the gum traga-
canth bushes in Fars, home of the Archuc-
menian kings, are still ealled * eunnmer
or “ gommer ", Thi- ix suggestive as the
origin of our term “ gum ”, being trace-
able through French *“ gomme 7, Latin as
“ogummi” or “cummi”, and Greek as
“kommi ”. It ix about as elear as wood

-gum itself,

Identity. CGums are defined as water-
loving, or hydrophilie, colloids oceurring
as exudates of certain perennial plants.
They are truly amorphous without melt-
ing point, freezing point, or boiling point
characteristies.  They are largely carbo-
hydrates containing caleium, magnesium
and potassivm.  Nitrogen, although it
may be present, is not an essential con-
stituent, its usual absenee distinguishing
them fundamentally from proteins which
always contain nitrogen.  Gums dilfer
from resine in being colloidally xoluble
or dispersible in water but insoluble in
orgnic solvents and drying oils: resins
are insofvent in water but are soluble in
drying oils and oreante solvents, Gums
are quite unrelited to resins in thetr uses
as well as physically and ehemienlly!

The great capaeity of gums to ahsorb
water, forming viseous solutions and col-
loidal gelx, has found wide application in
industry.  Such colloidal solutions are
known ax “xols . They have low sur-
face tensions and aet as protective col-
loidds ane stubilizing agents, Tragaeanth

guin consists of a soluble portion, trugy.
canthin, and an insoluble portion, basso.
rin, the latter constituting 60 to 0% of
the totul. Tragucanthin consists of o
ring containing three molecules of glueu-
ronie acid and one molecule of arabinose
with a side chain of two moleeules of
arabinose.  The soluble portion gives »
colloidal hydrosol solution with water,
while the insoluble parl, swells into a
zel. For further ehemieal exposition the
reader had better turn to Mantell (41,
Vegetatively the tragneanth gums are
unique, us they are the only commereial
ones originating solely in a central gum
eylinder.  In commeree they rank with
gum arabiea in quantity and quality.

The uses of gum tragaeanth are many.
The sweeter, clearer, finer sorts, ribhon
or *“ maftuli ”, are employed in pharma-
ceutieal mixtures; in liquors, to which
they add smoothness or “ body "; in cos
meties, as the glyeine toilet ereams; jol-
lies, lotionx, dental ercams and many
others,  Confcetions consume much of
the fine grade tragacanth, however, and
the American consumer. without know-
mg, may take it in ice cream, candies.
svrups, jellies. salad dressings, mayvon-
naise, pickles, sauces, chutneys, flavour
emulsiops and egg substitute prepari-
tions. The bitter, less elear tragaeant:
cums, flake or ** kharmony 7, are em-
ployed in dyes, paper. sizings, water-
proofing for fubries, as o ecreaming ngent
for rubber Latex, and so on. They have
an extensive use in the textile industry
as constituents for the sizing of yarn
and threads, for the stiffening of e
goods, for leather dressings, and for
trunsparvent finishing of silk or rayvon
There is also large applieation in culiee
printing, and much of the loeal consump-
tion in Tran ix by that industry.  Alte-
gether it is 2 multiple purpose resoure
for food and textile products,

Imports. United States imports o
gum tragneanth during the past two dee
ades have avernged over two million
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pounds amnually at an annual cost of
over one and onec-half million dollars.
Had there not been a deeline in supply,
imports would have bLeen more dwring
the past decade. Source of imports from
1945 through 1954 is shown in Tuble 1.
Iran is our prineipal supplier, followed
by "Irag and Turkey. lmports from
India, the United Kingdom and other

o)

subsequent and continuing deerease. This
appears due to limitation of the existing
resouree, as was pointed out by Iranian
merchants. In view of the inereasing
use or demand and the general deteriorn-
tion of the wild stands of Astragalus
=hrubs, it is very unlikely that price will
lower, unless more =atisfactory substi-
tutes are found.

Tasir L UNITED STATES IMIORTS OF GUM TIAGACANTH DURING THI LAST DXCADE.
NOT SHOWN AN TO NOURCE BUT INCLUDED Uxper * OTHERS” Ak Two
SUBSTANTIAL LOTH FROM LERANON AND ONE LOT FROM Satpi
Aranry, Sovrer, Cexstvs Bureav, UNITED NTATES o

uranr

INT oF CoMMERCE

Year Iran Trag Turkey
I, Us.s Ihe. NS Mhe.  US.8
1945 2600997 2027076 8907 27 34 106,477 194306
1946 3667303 42,630 56317 4389 T O81
1047 3.017.240 RE 27 014 03310 3901 1663
1948 2 600509 2343079 220 8 . L.
1949 1181972 L L T 3,103 1,126
1950 2817 455 3 2,550 1405 1,587 as0
1951 1251400 1455353 LLL... L., 627 008
1952 2AM652 e Te oo e
1953 tashiue  Twew oo
1t 1008160 1 qm e . .. .
Totals 21982715 17,920 830 82434 184,623 420082 207,054
Year : Indja, United Kingdom Ewrope auid otherg
us$ us.§ Ibs.

me \ H

10 e oo

T N 150

ms L S808

me 6N

1950 . 054y 11010

mi L

1952 ny QR
1053 TN 2N0 AM% Lo L
L
Totals 145800 G058 49508 80851 62,105

Furopean eountries are trade detour lots
which originate in Near East countries,

Fignre 10 indieates the avernge price
and quantity imported from 1931 through
1934, It ix apparent that suppiv and
rice have not heen closely corrclative
irom the war years to the present, as a
wreat inerease in priee was followed by
only a limited inerease in supply with

United States imports represent only o
part of the ITranian production.  Table
11, prepared by Ameriean Conzul John
Ordway, in [sfahan, is based on Tranian
rustoms statisties and shows total Tran-
inn exports for nearly three years. This
constitutes the balk of Tranian produe-
tion, ax it ix reported that relatively
hittle is consumed locally,  During this
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Tantk 11, JRANIAN EXPORTS OF GUM TRACGACANTIL
rroM Manert, 1948, o Janvary, 1051 (Inax-
1AN CALENDARr 1327-29). Sotnek,
Asertean Coxsvran Revour,

Joux Onrvway, 1951

Metrie Value
tons  in Riulx*

[mtml I\m"dom 760 35,-50"()00

Country

TUnited States 768 32.430.000

Mareh 1948 Franee 285 11.270.000
to Germany 259 8610000
Mareh 1949 Indin 155 8201000

Otlueer countries 202 DK 000
IOIS-T1919 Total 2,197 1053233000

Untted Kingdom 75 31688000

United Statex 163 6,151,000

March 1949 Franee 516 9.710,000
to Germany 255 D.287.000
Mireh 1950 India 06 3081000

Other eountries 277 15.191.000

19M49-1950 Total 2,142 Q."'(»! ()(Y)

United Kingdom - 005 57.982.000

United States 584 28.52,000

Franee 622 20772000

Murch 1950 Germnny 243 1054400
to Indin ; 6,107 000

Jan, 1951 Netherlands 336 1901000
Other countries 3::3 16,795 000

1950 (10 umth)

Total 3288 153.356.000
* Tlu' oflie ml exe In ange rate ix Hl 11\ 32 cquals

SLOO but the rate of Rials 48 (o SO0 ix gen-

erally used in export transetions,

term these exports amounted to nearly
seven million dollars in value, represent-
ing hard curreney for Iranian commeree,
The United “Kingdom and the United
States took about half of total Tranian
exports during this period, with about
2097 going to the United States,  Lon-

» «lun has Tong been a prineipal eenter of

world trade in gums. .

The Industry in Iran. While in Iran
the writer interviewed gum merehants in
Shiraz and Isfahan, and 4 number of
tappers and contraetors elsewhere,  The
following ix o digest of the information
obtained remueding wun conmeree in
that country,

The commereinl arades of oum e Yiel)
canth have been wore or less .~l:uul.n'«l-

ized. In recent years in Iran a company
has been formed to regulate exports and
to preserve uniform grading and pries
Tehran, Isfahan and Shiraz have hee
designated as the grading and exporting
centers, and all gum p]mluccd must pss
through the exporters in those towns
Grading is done by experts or traine
vouths on the basix of color and quality
as it appears in the varied lots reecived
from the colleetors, with but incidenty
altention to speeifie plant origin.  Cer
taindy the commereinl araders have e
coneept ol speeies mor of the propertie
to be correlated with such,  Samples eol.
leeted were taken for commereial eradine
to one of the principal exporters of Isfa.
han, Single samples, consisting of th
exudate from one eut on a single pla

‘in several cases, were broken and sepa-

rited into two or even three arades solely
on the basis of color differences.  ow-
ever, some of the samples from relate
Astragalus shrubs  were  immedi: wtely
identified us not being gum tragneant:
showing the pereeptive acumen of an ex-
perienecd merchant. The  conmmeret:
grades with current prices per kilosra:
Ifahan, as of July, 1955, were:

“ \ Rilbon or * naftuli @
Noo 1 S0 rials ST.20
2 430 D70
K Q30 1010
1 200 st
3 160 213
Flake or * kharmoni
No. 1 (26) 0 rinds SIST
22D 120 1.60
3(23) ™ 100
1 (53) 5 a3
5 (31 {35 60

No. 1 ribbon in Rhiraz was quoied
200 rials, where 530 was reported as th
Tehran price for the same grade, the di-
ference being attributed mainly to frns
portation costx. The sune grade wis e
ported to have sold the previous vear t
around 410 vials.  According o ther
priees, it would appear that the U. s
consumer pays $5-8 per ke, for top grac
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gum tragacanth, which he consumes in
ice eream, liquors, confections and other
items.

Import statisties give no indication of
such price ranges nor of the wnounts
produced of such grades. Shiraz reported
that only about one percent of produc-
tion in that arca is of top grade, while
the flake or inferior grades constituted
the bulk of production. The Isfahan

us ¢
1.20 -

1.10 |~
1.00 —
90 t—
80 —
70 —
60 |~
S50 —
40

A
30 % yd
020 L§\ v

These quotations are said to be 20 to
30% higher than in 1954. Merchants
justified the prices of 1955 by the poor
crop that year, which was estimated to
have been only about half that of the
preceding vear.  The light production
was attributed to: (a) heavy floods of
the previous winter which allegedly
washed out many plants; (b) a general
lack of spring rains; (¢) searcity of tap-

mil.
lba.
— b5
=~ 4.0
- 3.5
-1 3.0
[ 2
\ [\ - 2.0
Y \ ] 35
1 ] | | >

1931 33 35 37 39 KL 43 A5 47 49 51 53 55

. Fii. 10. United States imports of gum tragaeanth from 1931 to 1955, showing wholesale
price and quantity (broken line). Source, Census Bureau, U. 8, Dept. of Commerce,

arca produees a higher proportion of
il

ribbon grades than does Shiraz, but take
ghdes nre veperted as eenstinning mes
ol the production in that ares awd else-
where in Iran. No fizures ave available
showing the respeetive quantitios of vib-
bon aned fluke grades produced 1,

PSpot puiee for 1955 top geades of ribbon in
New York, aecording 1o Meer Corporition,

range from S2.10 1o S350 per b, confirming
the Isfihan quotations for the same year,

pers who were attracted to more luera-
tive Iabor: (D osteady deeline it the
3 N K

e P T R T
minber of plans du

2he last At veans
as w oresudr of burning the shruos for fuel
and of attempts to control the bug pests
of Agrostis and Aelia, which over-winter
in the plants, Tt ix reported that 40000
to 50,000 people are cmployed season-
ally in this industry, the great majority
being the village people who cut and col-
leet the gum, One village in the prov.



56 ) ' ECONOMIC BOTANY

ince of Charmahal supposedly marketed
2,000,000 rials worth of gum in'1954.
QOther villages apparently rely heavily
upon this natural resource for eush. It
is & valuable article in the commerce of
Iran.

Colleeting the gum is a scaxonal voca-
tion for nomads and peasants. Many of
them gather it from tribal or village
areas and sell directly to local mer-
chants. Collection over large arcas is
handled by contractors who arrange
rights of collection with landowners. The
contractor recruits workers who tap the
plants and reeeive pay on a weight and
gum-grade basis. The contractor sells to
the principal merchants of the eities,
From range and village the gum is trans-
ported by hand and burros to o trucking
point, whenee it moves to the grading
and packing cities, Shiraz, Isfahan and
Tehran. '

A gum tapper needs o good pair of
legs and a strong back. Hix tools are o
light maddox-like blade on a long han-
dle and a small knife with a curved
blade. When collecting he carries & bowl
or a bag for the pickings. The carth
must first be dug away from the tap root
under the low rounded crown of thorns
to a depth of four to cight inches (Figs.
6 & 7). This entails hard labor as the
ground is rather hard and frequently
stony. One or two cuts are then made
into the upper part of the tap root, deep
enough to open the gum eylinder one to
two inches long. The plants are widely
scattered, and not more than a few dozen
are commonly found on un acre. Any
given locality usually has two or three
species producing different types of gum,
This calls for considerable walking about
hetween plants, both to make the initiul
root exposure and cut and subsequently
for repeated retwrns to colleet the exu-
date.

According to the collectors, the best

grades of gum are those of the first three
colleetions or those made within ten

days after cutting. After the initial ter
or twelve days from cutting, longe
periods may cnsue between collections,
and the quality then deteriorates. A
Bajga a tapper working a high quality
species reported that others had the righ
to collect gum from his plunts after i
had made his initial first three collern
tions. Anvbody may colleet it, he said
As new series of cut plants are added tv
the scaxon’s number, there is less aw
less time to revisit the older cuts, so th
exudate may wait as mueh as a week o
two before being colleeted.  Animals an
said to like the gum, o there are lossc
from inscets, from lizawds, from sheep
and goats, ax well as from wild gazelles.
unless the plants are guarded.  Durin
the first ten or twelve days, therefore
the tapper guards his subjeets wel
Afterwards it apparently pays him ¢
open new  aceounts by tapping othe
plant< rather than to remain guardin:
the declining returns from  diminishin:
quality and value. However, in Bavame
Valley, where different speeies are e
ploited, three weeks was the norme
period between collections, but less valu
able gum was being eolleeted under dii-
ferent conditions of communal rights an.
animal interference.  Tapping sehedule

- are therefore determined partly by loer

rustoms, by the speeies available, an
by eircumstances.  One tapper at Baje
wits observed returning from a day's co-
leetion with about one pound of initi:
cum with a value of 150-173 rials, «
82.00 to $3.50, representing part time fe
three days. Others reported that the
muade up to 250-300 rials or $3.33-44¢
per-day.

Trease (7) records the burning of top
ab tapping time in the Shiraz area o
Fars,  This practice was not observe
there in 1955 nor called to my attentio
by informers; government conservativ
measures may have eliminated it Abow
Karaj near Tehran, however, the plant:
were topped at tapping thime and th
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Fre, 11, Grades of pum tragaenth seleeted aecording 1o color and texture; 1, ribbon No. 1:
2, ribbon No, 2: 3. nbhon No. 3: 4, ribbon No. 4: 5. ke srade:

gums of T 6, “ ghooreh

T oshagh 7,

(Seule in confineters),

.

and two other commereinl
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tappers claimed that they obtained more
gum by such operation. It was not ob-
served elsewhere, but these two instances
indieate 2 more general praetice. If gum
production is actually incrcased by top-
ping, this would indicate a tic-in with
transpiration. IHowever, this appears to
be a get-rich-quick makeshift, shorten-
ing the harvest scason, as topping de-
stroys the manufacturing part of the
plunt.

Tapping starts in June, and the plants
are =aid to continue to extrude gum until
the rains of autwmn or for about 100
days or over. If rain falls during the
tapping period, it is said to spoil the gum
by mixing dirt into it, the plant no longer

-exudes gum, and the production scason

i at an end.  Therefore, dry sunnuer
climates are best suited for gum produe-
tion. Most of the gum ix extruded at
night, according to the tappers, and sueh
seems to be true so far as the present
authors limited observations are con-
cerned.  Presumably exudation pressure
inereases as trunspiration deereases, The
plant appears to manufacture gum more
or less as it is foreed out, the wavy pat-
tern on the exudate reflecting alternation
of pressurc and it= release. It may there-
fore be regarded as a ehemieal plant in
continuousx operation.  Table TIT xum-
marizes the colleetions of gum samples
obtained by the writer in Tran during
the early summer of 1955.

Factors Affecting Yield

The quantity and quality of gum yield
appear to he affected by many factors,
These are outlined below on the basis of
ficld observations.  The magnitude of
many of them ean be determined only
by special investigations, and some woull
require phyvsiological studies under lubo-
ratory conditions,

Nautural Factors

Kind of plunt,  The sauples colteeted
show that different speeies amd varietios
produce various Kimids of s i aonnonsd s

that differ significantly according to spe-
cific identity of the plants. Several spe-
cies produee top grades of gum, as A,
gossypinus and A. wmicrocephalus, while
other speeies and varieties produce in-
ferior grades.

Fixudation deterioration. In general,
the gum from any one plant deteriorutes
In quality as tapping proceeds. The first
colleetions are the hest: later colleetions
are assigned to lower grades,  This is
particularly true of high quality species
where colleetions are made every few
days. Speeies with inferior types of gum,
as those tapped on the branches, are
generally colleeted at intervals of weeks,
and the gum-quality deterioration is not
evident,

Age of plants. The foregoing sample
Tables establish that the larger older
plants produce greater amounts of gun.
Quality according to age appears to be
about the sume, exeept in cutting tapped
old pockets of gum discolored from pre-
vious wounds,

Size of gum eylinder.  Generally, the
larger the gum eylinder, the better and
more the yield. This appeared to be true
for quantity throughout all specific and
subspecifie categories.

Growing conditions previous to har-
Vest.' Good spring rains preceding the
tapping season were stated several times
to lead to good gum production. "This
would appear to be tiue on any physio-
logieal basis, ax soil moisture availabil-
ity ix o vital factor in all plant functions.

Soil moisture at tapping time, A sud-

den inerease in soil moisture during tap-

ping seaxon apparently results in marked
deerense of exuwdation pressure, ax rains
are =uid to terminate tapping.

Alr humidity at tapping time.  Maost
exudation oveurs at night when air hu-
midity is higher than during the day.
Humid air would tend to favor less rapil
drying of the extdate, with consequent
less plugeing effeet by deving g o
4 generally smoecther cntward tlow,

SRLOOTIET Tesiielisge Do presatinye,
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“Tasee III. GUM TRAGACANTH SAMPLES TAPPED AND COLLECTED BY THE WRITER,

June-JuLy, 1955,

AMOUNTS GIVEN IN GRAMS

A.microcephalus
* panbeh ”
CGientry 15078

A.microcephalus
“ ghuchu ”
Gentry 15164

A.eehiduacformis

“ punbeh "
Gentry 15181

Lelymaiticus

* panbeh ”
Gentry 15048

A.eerasocrenus
Gentry 15258

A ceraxocrenns
“ gommer "
Gentry 15019

AL eerasoerenus
“gommer ”
.
Geey 15080

Aosenganenxix
* gommer "
CGentry 15166

R

Plant size or
estimated
age
med., 3 yrs
small, 2 *
med., 4 ¢
large, 8
small, 3 ¢

- {avernge)

small
small
o!d bush
mcdium
medium

(avernge)

5 plants

medium

large

medium

Jarge

{average)

gum cyvl. 56 mm.
" &@® 3 4 "

“ “ or "

Colleeted after cutting

L.75
1.05
200
370
1.74

2.12

1.08
0.50
027
0.14
.t

085 041
0.21 0.26
0.25 0.21
1.21 051
035 0.96

061 051

7th day
1.24
2.25
137
285
5.06

203
6th duy

unweighted

12th day

3.07 2.00
307
2.08
2359

303

(cuts poorly made aceount for low yickls)

large
large
medium
medium
small
Lirge
sinall

(avernge)

(avernge)

medinm
small
medinm
small
Lrge

(average)

517 380
224 038
1.77
1.09
146

Srdday  Gthday  9th day

Toltal

3.0t

1.52
2416
562
3.25

317

5.07

897
252

137 (tapped too high)

Ei >

2.00

5th day
125
1.22
0157
2227
L2

123

Tih day
262
0.30
140
1.13
2.4t

L5

59

Com. graede

ribhon

2&4
4" [ 2 & 3
L4 3 2 & 3
[0 43 3
rihbon

ﬂ:}‘ke ;\;o. ‘1‘

flake No.

5« «°
11 “
(14 4«

L]
1
1
[ :‘
" ‘
“ 1&D
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Tante 1II (Continued)

Plunt size or

Colleeted after entting

estimated o e - Total Com. grade
age Srdday  Gthday  9th day
A. brachycentrus sml] 2.16 . .3
“ghinch zard ™ smull 140 2
ientry 15165 medium 3.M “ “« 9
medium 1.55 “ L B s
old, gnarled 461 “ 1A
eseas 530 " L ¥ 134
(average) 3.16
: 27th day total
A. brachycentrus meoedium
“ghinch zard " medium 21.90 flake No. 3. 1,5
Gentry 15168 (average) 11.00
5th day
A.myrincanthus brunches 2.00 flnke
“ghinch cherari” “ 296 “
Gentry 15047 “ 5.54 “
iy 3.00 “
[ 1‘% “”®
{average) 3.12
2nd col, 6th day
A.geminanus 5 plants 2.8 ribbon No. 5

“gardch ”
Gentry 1518253,

LY

Air temperature at tapping time.
Higher air temiperatures during the day
increase drying rate of the gum and ap-
parently cause a sealing of the wound
during daylight hours when exudation
pressure is at minimum due in part per-
haps to transpirational loss of moisture,
As transpiration ceascs, pressure appears
to inerease until it reaches a point suffi-
cient to unseal the gum-plugeed wound,
when extrusion resumes.

Animal consumption. Many unimals
appear to eat the gum, which results in
loss of product. The wild sheep of the
mountains are said to uncover the roots
with their hoofs and to wound the
branehes with their horns during their
rtling scason in order to oblain the
gum.  Aphrodisine properties are there-
fore aseribed to the gum. It is more
likely, however, that the exudation sen-
son of the plunt happens to correspond
with the rutting scason of the sheep.

Ants, lizards, domestie sheep and goat
appear to be the only serious offender
to the tapper’s efforts.

Artifieial Factors

Depth and size of cut or cuts. Then
retically, tapping should be done with
minimum damage to the plant and te
withdraw the gum according to its b
of manufacture by the shvab. The aver-
age tapper thinks but little of the forme
aspeet and certainly not at all of ti
latter.  Tlowever, tappers informed n
in certain eases that the branches shoul
not, be tapped or the plant would b
killed.  In genernl they make the in-
eision which experience teaches them i
necessary to open the eentral eylinder
Their euts are usually longitudinal e
crass-tuneled on root or stem, one to twe
inches long, and three-cighths to five
cighths of an inel deep, the depth of e
depending upon the dinmeter of root e



-

. GUM TRAGACANTH IN IRAN 61

gum cylinder.  An angled cut is alinost
ecrtain to cut into the gum eylinder,
while a vertical slit may misx it, ax oc-

eurred in the author’s samplings, In -

time new tissue growth heals the wound
around a pocket of reddish old gum. It
appears  that a hole drilled into the
evlinder would be far less damaging.
The whole question of cutting technique
should be explored with a scries of ex-
periments,

Location of cut or cuts on plant. In
rot-tapped plants the best results are
ohtained by cuts placed near the top of
the root, onc to three inches below
branching level.  Where tapping is done
ahove-ground on stems and branches.
the tendency is to make as many cuts as
possible, as more gum ix thought to be
obtained in that way. This obviously
rauses  serious injury, and it ix very
doubtful that more gum ix obtained in
that way than by a more prudent cut-

" ting pattern carried on over longer
period. -

Schedule of gum collection. Removal
of the gum or plug should also be done
according to the rate of manufacture of
qum by the plant. Thix ean be deter-
mined only by a scries of ‘experiments,
For instance, the quality of gum might
be better and produced with loss injuri-
ous cffect to the plant by allowing the
mum to remain in the wound for many

days, However, this exposex the prod-.

et to dirt and debris earried by windd.
Extent of injury to tops and roots,
There i no question that the present
’i.m.'thml involved in digging carth away
o the roots, lopping off the spiny
?'!‘:m(‘llc.\‘ that bother the digger or hend-
Mg them baek with his feet, results in
serious injury to the plants. The earih
= ustally dug away from all sides of the
foot, during which adventitious roots are
“ut off or injured, Providing for deep-
woted plants by proper eulture methods
and perhaps preharvest prun\in,v.: of tops

should do much to minimize serious in-
jury during tapping operations.

Relative cleanness of gum.  This de-
pends to a large extent upon the habits
of the tapper. The tapping excavation
should be made deep enough and wide
cnough to prevent the gum from extrud-
ing into the dirt on the sides and bottom
of the hole. Adherent particles of earth
and rock results in loss of gum and « re-
duced price.  Carceful tappers usually
place a thorny cover over the excavated
basin above the cut, thus protecting the
exudate from animals and to a certain
extent from rolling earth.

Potential in Cultivation

It appears strange that the source of
such a valuable produet as tragacanth
gum has never been domestieated.  Pre-
sumably the ancient methods of exploi-
tation have never been seriously ques-
tioned.  The industry has never gradu-
ated from the hunting and gathering
stage, which ix a fairly primitive anthro-
pological econdition. The nomads and
the villagers colleet the gum according
to their customs, while the merchants re-
ceive it according to theirs. The pattern
has not appreciably changed in over
2,000 years. The Iranian general reae-
tion to the suggestion  that the gum
plants be eultivated was that there is no
need to eultivate, since the plants arow
wild, A few entertained the idea as a
means of conserving and inercasing a
natural resource and livelihood,  The
modern oceidentals, who may have con-
sidered the plant, were perhaps deterred
by the low seale of labor.  ow could
the added cost of enltivation justify it-
sclf in the faet of such low returns {o
Inhor?

Theoretieally, the following considera-
tions appear to favor domestication:

t) An acre of ground would support
more than all the plants generally found
on a half scetion of range land. Through
cultivation the plants would be brought
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into efficient aecessibility, climinating the
footwork which consumes most of the
tapper’s time,

b) Planting in straight rows would
make it possible to expose roots with the
plow or dise and thus would save the
Iabor of hard digging.

c) Planting on top of bhorlers would

lengthen the roots, thereby inereasing
eylinder volume and vield, and result in
much less injury to roots during expo-
surc of them for tapping,

d} Tapping the roots in precise row
planting could be done mechanically, or
at least with scmi-automatic and preeise
tools,

e) Colleetion of the gum could also he
done on a partly or wholly mechanieal
baxis, ‘

f1 Calture and sclection of the hetter
varieties would in time mean the main-
tenance of plants with yields far greater
than the present field average of abused
and ordinary individuals.

@) The xerophytic and cold-hardy na-
ture of the plants makes them good
prospects for relatively non-produetive
lands in arid and semi-arid elimates of
the Meaditerrancan type.

So far as known, the figures in Table
II are the only data composed on the
amounts of gum produced by tragaecanth
plants.  The following estimate of rum
yield is made as a first tentative ap-
praisal.

The weighed sumples of A. microcepha-
lus at Bajen are the most complete avail-
able for any of the species. It ix one of
the good producers of high qualily gum.
Morcover, digging and eutting wére done
by an experienced tapper.  After initial

release of gum by tapping, mum produe.
tion by the plant continues at w eertain
rate.  The daily rate ean be approxi
mately computed in this ease from Table
HI by adding the average welzhts of the
second and third collections and dividing
by the number of days: 1.11 grams by 6,
or 0.14 w per day.  Multiplving this
daily production rate by the nuber of
days in the tapping scason (1007 indi.
ates 14.0 g, plus the 2,12 ¢ of the ini
tial collections, or 16.12 g. ax total for the
season per plant. The tapper’s opinion,
incidentally, for the Bajga plants was
that they would vield about ten time
the amount of the first three lots. or
about 30 grams per plant for the seuson.
A total of 15 grams per plant for the
season is here employed in the conserva.
tive interests of this estimate. Twenty
pereent of thix isx rated ax top arades.
ribbon Nos. 1 and 2, while 80% is as
signed to lower grades of ribbon, the cur-
rent respeetive prices of which are abou
$7.00 and $3.50 per ke, respeetively.
Close spacing is necepled as suitable
to aecommodate the small plants of .1
microcephalus, 1f Targer spacing shoul
be required, bigger plants with greater
vields per plant would result, with bu

“minvr readjustment in the  enlenlated

vield.

The yield values are for one seuson
only, and apparently should be multi-
plicd by three or four to complete esti-
mate of total return from one planting
carried for cight to ten vears.  The
plants are said to be tapped at two year
of age and every other vear thereaiter
for <ix to cight vears, the total numbe

Tase IV, ESTiMars oF YIELD AND VALUE FOR ONE ACRE 0F Astragalus mieroeephalus

Spaeing

Iy 10.000 150

35 r 15 8400 126

GUM FOR ONE SEASON,  Basen oN yin PATA AND CURRENT MARKET PRICES

Plants/aere - Yield ke, 60 150/pl 2000 @ STO0/KE. 8O% 6 X350k, Yiehd valw

S210.00 120,00 SOS0L0
17500 350.00 HANY LY
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i tappings on one plant being three or
‘oar. This indicates that the plants live
- nine to ten years, and would gross
2000 to $2,400 per acre.

The problems of cultivation and har-
west do not appear so formidable as the
<estion of the ability of the plants to
srow in eultivation.  NMechanies of eulti-
satien are being handled with inercasing
kil for many distinet kinds of culti-
vates and their products.  But the reac-
zoms of the tragacanth wildlings to culti-
wated =oils and microclimates are quite
mknown., How will the seed germinate?
Wihat discases will affect them? Are bue-
erin necessary to their growth, and if
=0, what are they? Test plantings in
various enviromments would be the first

Utilization

Pine-gum Products. At the U. 8. .De-
fartment of Agriculture’s Naval Stores Re-
sarch Station, Olustee, Florida, “ scientists
have developed from erude pine qum a chemi-
2L, maleo-pimarice acid, which has industrial
application in printers” inks, paper sizing,
alkvd resing, and photographic chemienls,
From turpentine, they have prepared many
mportant esters, including several of the
esters of pinie acid,  These have heen shown
to be execllent. as ibriesuts for engines ol jet.
areraft, and us plasticizers—adiditives that
ran give plasties sueh desirnble ehnraetor-
isties as low temperature flexibility, dura-
bility, and permanence. Another of their
mrpentine preparations, pinane hydroperox-
ple, b usefnl as g entalyst in the produetion
of cold rubber,  Addition of metals, =ueh asx

step towards making cultivates of these
variable and interesting plants.
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Abstract

lead and mugnesium, to aldehyde-modified
rosin ha= resulted in improved metal resinates
that are valuable ax paint driers ™,

“ Now, the Navul Stores Research Station
annonnees the discovery of a new acid in
rosin. - This acid, momed “ palustrie ” for the
lopglead, pine—"Pinus palustris—{rom which it
was first identified, offers promise of greatly
extending the usefulness of rosin ", Althongh
this aehl i 1 major constituent of pine gum
(10200 and of rosing (20070, it was not previ-
ouzly discovered in the century of research
on the composition of roxin beeause it is very
ditlienlt to obtain it in a ervstalline condition,
This acid has already proved nseful in the
preparation of paper sizing,  (Anon., (he-
margie [hgest 15010y 4. 1036),
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ON THE IDENTIFICATION BY MEANS OF-ELECTROPHORESIS Aﬁﬁ
CELLULOSE ACETATE FOIL DYEIRG OF GELS & THICKENING SUBSTANCES
- THAT ARE LEGAL IN SWITZERLAND,

M. Padmoyo & A. Miserez, Federal Health Office, Bern

1. INTRODUCTION

Besides their gelling and thickening properties, gels and
thickening substances used in food manufacture or processing also
evidence another important characteristic, namely their ability
to emulsify and disperse, thereby providing the explanation for
their increasingly wide use as stabilizers in the food processing
industry. - :

Article 443 bis of the Federal Food Regulations defines gels and
thickening substances as being those capable of yielding aqueous
jellies or aqueous, highly viscous solutions already when in low
concentrations. (Concerning admissibility of use, see same document,

- 56, 110, -1956). Even though they are often being used as stabi-
lizers, they are not designated as such in the food regulation.

Within the scope of judicial planning concerning food processing
in the EEC, namely admissible emulsifiers, stabilizers, gels and
thickening substances (WEISS, 1966), stabilizers were defined
as such substances suited for maintaining uniform dispersion of
two or more immiscible substances. Most gels and thickening
substances are: included.

FPood monitoring efforts have not been wanting to the end of
developing practical testing methods for the analysis of gels and
thickening substances. Identification is rendered difficult by
the fact that these are high-molecular substances for which no
easily executed and specific reactions are known, -- except for
starch and the alginates. Furthermore they are used in food only
in very minute quantities most of the time, because +the desired
thickening or stabilizin§ effect often is already achieved for
concentrations under 0.5%. The viscometric method (LETZIG, 1934),
based on an appreciable viscodity increase of aqueous solutions
due to thickening substances, allows an overall indication of
any presence of a thickening substance, but does not permit its
identification. Various methods are known for qualitative
evidence of gels and thickening substances, which among
other methods are based on microscopic tests (CZAJA, 1962;
BEYTHIEN & DIEMAIR, 1963), on flocculation reactions (LETZIG,
1955) or on paper chromatographic tests of their hydrolysis
products (BECKER, 19%6; SULSER, 1957; STOLL & PRATT, 1962),
that is, of the corresponding monosaccharides. If the gels
and thickening substances to be tested are in pure form, they
may be easily tested most of the time under the microscope or
by the flocculation reaction. If however their presence in
food must be shown, in which there is an interfering substance
such as egg white material, then the paper chromatographic test
of the hyrolysis products is more promising than a flocculation



reaction., However there are cases in which a few gels or thickening
substances yield similar sugar components after hydrolysis or

where such sugars as glucose and galactose (for instance from
lactose in milk products) are detected in the paper chromatogra-
phic test, so that the chromatogram will not yield an unambi-

guous answer, Methods for testing the identity of the purity

have been disclosed in the literature (ORGANISATION MONDIALE DE

IA SANTE, 1964, 1966). Concerning their numerous applications
outside food processing, see also GLICKSMAN (1964). :

The process of paper electrophoresis has proved itself for
gelatin detection in dairy products (see this publication, 56,
110, 1965). However the cellulose acetate foils are preferable
to0 paper as carrier material, since good separation may be
achieved in little time and because the foils may be rapidly
rinsed in view of little dye absorption (see section 2.4.1)..

We further made use of electrophoresis for the analysis of gels
and thickening substances belonging to the polysaccharide group.

The described testing method further allows =-- besides :
identification of gels and thickening substances -- quantitative
evaluation by means of dye comparisons with solutions of known
concentrations of the pertinent gels and thickening substances,
the comparison dealing with color intensity., Our research has
shown this simple and easily executed electrophoresis process
followed by dyeing promises to be very useful in the analysis of
gels and thickening means.

As regards food products, polysaccharides may be determined
after removal of fatty and egg-white components by means of alcohol
precipitation, which is followed by polysaccharide concentration
and the subsequently described method. '

2. ELECTROPHORESIS OF GELS AND THICKENING SUBSTANCES
. 2.1 The cellulose acetate foil as carrier substance ,

TFilter paper is unsuitable for electrophoresis research in
gels and thickening substances. When the gels and thickening
substances being tested are made visible after electrophoresis-
separation (see section 3.3), the filter paper reacts as a poly-
saccharide when the particular dyeing method is used, and it
rezcts positively. Ve tested glass fiber strips and cellulose
acetate foils in lieu of filter paper. The latter vroved particu-
larly suitable. When testing gelatine too, the paper electro-
phoresis method proved very useful, and cellulose acetate foils

.were oreferable to filter paper as carrier material, because

the lesser dye adsorption allowed rapid rinsing of the foils

(see figures la and 1b). »

An important advantage of cellulose acetate foil electro-

phoresis consists in the shorter test duration with respect to

aper electrophoresis, or about 15 to 30 minutes for micro-
electrovhoresis (section 2.4.2), so that interferences or

secondary effects during separation, such as evaporation of buffer
liquid and the resulting undesired concentration increase

are only of insignificant magnitude.

ro



2,2 BUPFER SOLUTIONS , : )

The conventional buffer solutions for paper electrophoresis
noy also be used as conducting electrolytic solutions for cellulose
ncetate foil electrophoresis. In general, less concentrated '
solutions are nreferred for the latter process., We selected
a borate puffer with a pH of 10 for the electrophoresis of the
gels and thickening substances of the polysaccharide group,
however the sodium-carbonate sodium-hydrogen-carbonate buffer
is more suitable when testing gelatine (see section 2.4.3).
The buffer solution concentrations are So adjusted that for a
terminal potential of 200 volts, a current of less than 1 ma/cm
of foil width is generated. Using both buffers demonstrated
enodic migration in all gels and thickening substances that were
tested, so that they must be coated on the cathode side at the
beginning of the test. :

2.3 RENDERING GELS AND PHICKENING SUBSTANCES VISIBLE.

Following electrophoresis migration, the cellulose acetate
fojl is removed from the electrophoresis chamber and the position
of the gels and thickening substances will . be rendered visible
by dyeing them. The various gels and thickening substances
evidencing different chemical properties, four different dyeing
methods are required (see section 3), which may be differentiated
through dyeing because the gels and thickening substances migrate

at the same rate under electrophoresis.

2.4 RESULTS

2.,4,1 COMPARISON BETWEEN .CELLULOSE ACETATE FOILS AND PAPER STRIPS

Pherograms I and II in fig. la show the results of our
electrophoresis test with cellulose acetate foils (4 x 30 cm)
in the Elphor-H electrophoresis chamber of GRASSMANN & HANNIG.
Except for buffer concentration and the kind of depositing of the
substance tested, test conditions are the same as for paper
_ electrophoresis. The amounts of carbonate buffer with pH of 10
and ion size of 0.15 microns are diluted with the same volumes
of distilled water. Deposition of substance tested takes place -
not with a micropipette - but with a stamp consisting of two
parallel platinum laminae absorbing each time 6 microliter of
liquid.

It will be noted when omparing figures 1a and 1b that the
cellulose acetate foil electrophoresis allows good separation
Jbetween gelatine and milk eggwhite 1in much shorter a time than
is possible for paper electrophoresis ( 3 hours in lieu of 14).
Furthermore, the foils may be rinsed when dyeing much faster
nlso (20 minutes in lieu of 2 hours.

2.4.2 MICRO-ELECTROPHORESIS OF GELATINE WITH CELLULOSE ACETATE
FOILS

The BICKMANN-SPINCO microzone electrophoresis system allows
executing simultaneously 8 separations for probe gquantities of
0.25 microliter solution of substance , corresponding to 2-10
microgram of the substance tested, on one cellulose acetate foil
of 5.5 x 14 cm (see section 4). Deposition of substance tested
is performed by means of a microstamp. This allows reducing
senaration time to 15-30 minutes. MNormally the separation time
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on a cellulose acetate foil 4 x 30 cm ih éﬁze and'with_fhe4Elphor—H
electrophoresis chamber of GRASSMANN & HANNIG amounts to about
3 hours (see section 2.4.1)
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fig. la: electrophoresis on fig. 1b: paper electrophoresis
cellulose acetate foils : :

Fig. la: I=gelatin (from 1% gelatin solution, contains about 60 ugm
gelatin, deposited with micro-stamp)
II= gelatin and milk egg white (isolated from 0.2% gelatin-
content yoghurt, deposited with micro-stamp).
= direction of migration (anodic)
test duration: 3 hours; dyeing plus rinsing: 20 minutes

FPig. 1b: I= gelatin (from 1% gelatin solution, micropipette deposition
: of 10 ul, contains 100 ugm gelatin)
II= geletin and milk egg white (isolated from a 0.2%-content-
of-gelatin yoghurt, deposited with stamp) .
= direction of migration (anodic)
Test duration: 14 hours;
Dyeing and rinsing time: 2 hours

: The pherograms show that yoghurt 1 is free of gelatin and
that there is gelatin in yoghurt 2. During gelatin isolation,
the milk egg white in yoghurt 2 was completely precipitated by means
of heat treatment and removed by means of centrifugal action or
of filtration. For gelatin concentration, the filtrate will be
raised to 10 fold concentration by vacuum evaporation. If the
milk egg white is not completely removed, its egg white bands will
appear on the pherogram (see picture of self-made yoghurt (b) and
that for yoghurt 1). The pherogram shows remaining egg white still
capable of migration in yoghurt 1. For the self-made yoghurt sample,
-- yoghurt + gelatin --, one may observe completely denatured
milk egg white (remaining at the place of deposition) and capable

of migrating. .
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The pherograms therefore show that gelatine tests in dairy
products do not require absolute purity in the separated gelatin
Even if the extract obtained after yoghurt heat treatment and
after gelatin concentration does contain some milk egg white,
clean sepiuration of egg whites from gelatin by means of electro-
phoresis is quite possible,
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Pig. 2: shows 8 vherograms from double samples deposited by means of
micro-stamp -

a) pure gelatin solution as comparison sample; 0.25 ul of 1% solution,
_ corresponding to 2-3 ug of gelatin, deposited
) exiract from self-made yoghurt containing 0.2% gelatin, 10-fold
concentration, 0.25 ul deposited, corresonding to 4-6 ug gelatin
¢) extracts from commercially obtained yoghurt samples (yoghurt 1
and yoghurt 2); same concentration as in b).

T@ST COHDITIONS: 200 volts; carbonate buffer of pH 10 and 0.075
micron ion. sizes- anodic migration; separation time of 25 minutes; -
amido black dyeing (10 B).

Fig. 3: the amounts deposited are 4-5 ugm for dextrin; 2-3 ugm for
soluble starch; 7-8 ugm for carubin; 7-8 ugm for guaran;
7-8 ugm for gum arabic; 2-3 ugm for alginate and 2-3 ugm for
tragacanth. '

TE3T CONDITIONS: 200 volts; borate buffer of Ph 10 and ion size of

0,065 microns; anodic migration; separation time of 15 minutes;

PAS dyeing. :

2.4.3 MICRO-ELECTROPHORESIS OF TELS AND THICKENING MEANS
OF THE POLYSACCHARIDE GROUP ,
We selected borate buffers with a pH of 10 and ion size of

0.065 microns as the conducting electrolytic solution for the

electrophoresis of gels and thickening means of the polysaccharide
group. Aside from dyeing, the other test conditions are about the
same as those for gelatin (section 2.4.2). Section 4 describes
execution of dyeing and of micro-electrophoresis. PFig. 3 shows the
vherograms of PAS positive gels and thickening means, fig. 5 shows
those made visible following tannin preparation and PAS dyeing,
and fig. 6 shows those dyed with toluidine blue O, The pherograms
of fig. 4 show the results of electrophoresis separation for
mixtures from 2 to 4 different PAS positive gels and thickening
means., Section 3 will discuss in detail the dye-affinity of the
individual gels and thickening means and their classification
according to the dyeing method used.
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The pherograms show not only that the gels and thic lening
means tested migrate at different rates, but also that they are
sensitive in different degrees to dyeing, : ‘ ‘

For the test conditions as selected, the alginate and the
tragacanth spots are subject to a remarkable though constant
curvature (see also fig. 5 and 6) the cause of which is unknown to
us. For micro-electwphoresis with borate buffer, gelatin too
evidences this effect (fig. 5), but this is not the case when
carbonate buffers are used (fig., 2).

In the pherograms shown in fig. 3, carubin, guaran and gum
arabic evidence nearly the same migration rate. If a longer sepa-
ration time is used, namely 25 minutes, -fig. 4 -y in lieu of 15
minutes, they may be separated from one another, :

If the pherograms of figures 5 and 6 are more closely examined
it will be observed that several gels and thickening means migrate
nearly at the same rate. Agar-agar, carubin,and tragacanth in fig, 5,
carrageen, sodium pectate and alginate in fig, 6 therefore cannot
be separated from one another by means of electrophoresis under the
given test conditions. In order to identify them, an improved
separation may be achieved as in the case of the PAS positive gels
and thickening means (fig. 4) by a longer separation time of 20-30
minutes, and they may be further differentiated because of their
variable dye-ability (see table 1,section 3).

' if L
.  DEXTRIN [ T v
f:DEXTRfCARUB*GUAR+i o -
S CARUBIN GARAB . I
; DEXTR\CARUB+GARAB; R
r GUARAN { R -
-:BEXTR+CARUB+*GUAR
.- GUMMI ARABICUM |
*,GUARAN+G. ARAB ;

I e he e D

§ s o

Figure 4
Electrophoresis-separation of mixtures
of PAS positive gels and
thiékening means,

L

Devosited amount for dextrin was somewhat less ( 2-3 micrograms in
lieu of 4-5), aomounts for carubin and guaran were somewhat more
(9-10 microgms in lieu of 7-8) than was the case for pherograms in
fig. 3. Longer test duration was required for their separation
(25 minutes in lieu of 15). Test conditions:

terminal vpotential: 200 volts

borate buffer: pH = 10; ion size: 0.065 microns

anodic migration :

separation time: 25 minutes

PAS dyeing ‘
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Fig. 5 '
Pherograms of gels and thickening means rendered visible by means
of tannin and PAS dyes preparation,
The deposited amount for agar-agar is 4-5 microgm, for gum
arabic 7-8 microgm, for carubin 8-10 microgm, for methyl cellulose

4-5 microgm, for tragacanth 4-5 microgm, and for gelatin 2- microgm.
Test conditions: _

terminal potential: 200 volits :
borate buffer pH: 10; ion size: 0,065 microns
anodic migration

separation time: 15 minutes

tannin and PAS dyeing preparation#*

SUMMARY

The analysis process described enables identification of
individual gels and thickening means as such., In the OFFICIAL
METHODS OF ANALYSIS of the AOAC (1965) is listed a method allowing
separation of gels and thickening means in food products such as
ice cream and mayonnaise after removal of fat and egg white
components by means of alcohol precipitation. If this preciptation
reaction is positive, then electrophoresis and our dyeing method
will allow precise identification of the alcohol precipitate.

Quantitative evaluation may take place by comparing with
the color intensities of solutions of known concentrations of the
particular gels and thickening means. Coarse estimates may be

made by glance alone, photmetry being appropriate for precise
measurements, '
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Pherograms of gels and thickening means with affinity for
toluidine blue 0

ACAR-LENN
CANSM-CEL
GLIANFIAT
PEKTAT -
GU ARAD
LLSINA

TRAGANT

3
‘ i ———— ——- —

L.
1

e e . s F O S B R A 2 TR g pueey)
L. A [P i e e .

: ‘The amounts deposited are, for agar-agar, 4-5 ugm; for
carboxy methyl cellulose, 4-5 ugm; for caarageen, 2-3 ugm; for
pectate, 4-5 ugm; for gum arabic, 7-8 ugm; for alginate, 2-3 ugnm;
and for tragacanth, 4-5 ugnm. .
Test conditions:
terminal potential: 200 volts
borate buffer pH: 10; ion size: 0,065 microns.
anodic migration
separation time: 15 minutes
dyeing: toluidine blue O

3. DYEING OF GELS AND THICKENING MEANS ON CELLULOSE ACETATE FOILS

3.1 PFIXING

Prior to dyeing, the gels and thickening means deposited on
the cellulose acetate foils should be first fixed so as not to be
dissolved during the dyeing process in the dyeing bath. As other
egg white Bodies, gelatin may be denatured by drying between
80 and 100°C and therefore be fixed, but this is not recommended
for cellulose acetate foils, unfortunately, because of the wear
on the foil. We make use of a fixing bath instead of the drying
process, such bath consisting of a solution of trichloracetic acid
for gelatin and of ethanol for the gels and thickening means of
the polysaccharide group.

3.2 GELATIN DYEING _

Dyeing of gelatin, which belongs to the protein group,
occurs with the conventional egg white substance amido black 10 B,
an acid azo-dye. The dyeing process is based on salt formation
of the dye's acid groups with the free groups from the egg white.
For gels and thickening means from the polysaccharide groups,
dyeing must be undertaken in snother manner, because there are no
free amino groups and therefore do not respond to amido black
10 B (see fig. 7 and table 1).

&



3.3. PAS DYEING- -
The PAS (PERIODIC ACID SCHIFF) reaction,recommended by

HOTCHKISS (1948) for the dyeing of polysaccharides in animal and

nlant tissue preparations used in histology, was carried over

on our part to gels and thickening means. It was found that not

all gels and thickening means could be dyed in this manner. ' :

Therefore we make a distinction between PAS positive and PAS negative

gels and thickening means. -
The Schiff reagency used in PAS dyeing consists of a colorless

solution of fuchsin-sulfur acid prepared from adding potassium

pyrosulfite and hydrochloric acid %o a red, aqueous fuchsin

solution, The released sulfur dioxide reduces the red fuchsin

to 2 colorless leuko compound. This Schiff reagency is a known

reagency test for aldehyde groups. The gels and thickening means

to be dyed first are allowed to react with periodic acid for the

generation of aldehyde groups. Two neighboring hydroxyl groups

in the polysaccharide molecule will be oxidized to aldehyde groups

in the presence of C-C fission. These aldehyde groups react with

the Schiff reagency and generate a lilac -red color. Carubin,

guaran, soluble starch, dextrin, alginate, tragacanth and gum arabic

belong to the PAS positive gels and thickening means. Sodium

pectate and carrageen are slightly PAS positive, carrageen's color

being very slow to appear.

Polysaccharides, methyl cellulose, cellulose acetates and
agar-agar, that lack neighboring hydroxyl groups, correspondingly
are PAS negative. Water soluble methyl cellulose shows an average
substitution index of 1.64 - 1.92 (GLICKSMAN, 1963) and also contains
methyloxyl groups not only as regards the carbgn atom C-6 but also

‘Yo some extent' the carbon atoms 'C-2 and C-3.

For negative PAS and slightly positive PAS gels and
thickening means, we found two other ways of dyeing:

1. a prior treatment with tannin and subsequent PAS dyeing,

2. dyeing with toluidine blue O, '

3.4 TANNIN TREATMENT AND PAS DYEING .

We first considered using tannin for fixing the gels and
thickening means. It was then shown that following such treatment,
methyl cellulose could be dyed with the PAS reaction. Previously
we had spent much time in vain looking for a way of dyeing methyl
cellulose., Besides the latter, gelatin, carubin, agar-agar,
tragecanth and gum arabic may also be rendered visible in this
fashion. The tannin reaction occurring during this dyeing process
—=.if so -~ is not known to us, except for the corrosive effect.

Besides tannin, we tested many other precipitation means
for the polysaccharides, such as lead acetate, phosphor tungsten
acid, mercuric chloride and barium chloride, though without
satisfactory results obtzaining. It was solely when pre-treating
with barium chloride that better dyeing of carboxymethylcellulose
was achieved., However toluidine blue O provides more sensitive
dyeing. ‘ ‘



Fig. 7 ~ ... :
Dyeing of gels and +thic k‘e‘ning_'me,ans» on cellulose acetate foils
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Numbers 1 through 13 refer to the gels ‘and thickening means

in table 1 below. In this dyeing test, the samples were deposited
by means of a stamp and about 1.5 cm apart on s membrane supported
from a frame; membrane size was 2,5 x 30 cm. Fach amount deposited
contains about 6 ul of a 1% solution, that is, about 60 ugm of

the particular gel or thickening means. Execution of dyeing is
described in section 4.4, _

3.5 DYEING WITH TOLUIDINE BLUE 0O _ _

Toluidine blue 0 is a thiazine dye used in histochemistry :
for dyeing acid mucopolysaccharides such as heparin and chondroitin
sulphates (RIENITS, 1953). Polysaccharide affinity for toluidine
Blue 0 assumes the presence of acid groups in the molecule. Those
&els and thickening means that may be dyed with toluidine blue o,
that is, sodium nectate, alginate, tragacanth, gum arabic,
carboxymethylcellulose and carrageen, contain either uronic acids

or sulfate groups in the molecule,

3.6 RESULTS

By making use of the four different dyeing processes, all gels
-and thickening means admitted under article 443 bis of the Swiss
#o00d Regulations may be dyed differently on cellulose acetate foils
(fig. 7 and table 1).
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Table 1 :
Affinityvof gels and thickening means on cellulose acetate foils
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++ high affinity (+) slight affinity
+ good affinity - no affinity

(“x From the dyeing results for the gels and thickening means
tested and listed in fig. 7, a listing is made in table 1 where
the dyeing methods of the four different kinds used are referred to
by plus or minus signs for easier visualisation.

4. PROCEDURE
4.1 SPECIAL EQUIPMENT
BECKMAN-SPINCO microzone electrovhoresis system¥***

consisting of:

microelectrophoresis cell

micro-sample depositing stamp (0.25 ul sample)

cellulose acetate foil (also designated as membrane), 5.5 x 14 cm
for 8 samples at a time

power supply (potential: 0-500 volts, 0-50 ma)

FOR ELECTROPHORESIS ON LARGE CELLULOSE ACETATE FOILS:

Elphor-H electrophoresis chamber of GRASSMANN & HANNIG, with
associated rectifier and regulating transformer (Bender & Hobein,
Hunich, Zurich)

membranes of 4 x 30 em (Schleicher & Schuell, AG, Fgldmeilen)

sample denositing-stamv, about 6 ul sample (Kontron AG, Zurich)

REAGENTS:

borate buffer (pH=10, ion size = 0.13 microns): 12.37 gm
(= 0.2 mol) boric acid in 100 ml 1-n NaOH solution, completed with
' diztilled water to 1 liter. Then mix 600 ml of this solution with

400 ml of O,1-m NaOH.
11
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sodium carbonate, sodium hydrogen carbonate buffer (pH=10,
ion size = 0.15 microns): mix 750 ml 1-m sodium carbonate solution
with 750 m1 of 0.l1-m sodium hydrogen carbonate solution and with
500 ml distilled water.

PERIODIC ACID SOLUTION: 2 gm periodic acid in 10 ml distilled

- water solution, then mix with 90 ml 96% vol. ethanol.

TRICHLORACETIC ACID: 5% aqueous solution

TANNIN SOLUTION: 10% aqueous solution il

SATURATED AMIDO BLACK 10 B SOLUTION: about 0.1 gm amido black
in a2 mixture of 9 parts volume methanol and 1 part volume glacial

acetic acid, dissolution through repeated shaking. Solution must
be filtered prior to use.

SCHIFF's REAGENT: 1 gm fuchsinoin‘loo ml distilled water,
hot dissolution, cooling to about 50°C; mixing with 1 ml concentrated
hydrochloric acid d 2 gm potassium pyrosulfite, hard shaking,
rest over night. haking with about lgm charcoal prior to use and
filtering.

TOLUIDIN O SOLUTION: 0,2% aqueous solution

formaldehy3le-AMMONIA MIXTURE: mix l-m formaldehide solution
with l-m amoonia hydroxide solution in equal parts volume.

ALCOHOL-HYDROCHLORIC ACID MIXTURE: mix 1 part volume li-n
hydroc?loric acid with 2 parts volume denatured alcohol (aceton
spirit). '

METHANOL - G LACIAL ACETIC ACID MIXTURE: 1 part volume glacial
acetic acid with 9 parts volume methanol

TRANSPARENCY SOLUTION: 1 part volume glacial acetic acid
and 3 parts volume methanol (always fresh). ,

methanol-SOLUTIONS OF TESTED GEIJ AND THICKENING MEANS:
1% solution of individual gels and thickening means in the borate
buffer, Exception: a concentration of only 0.3% for agar-agar,
because a 1% solution may already cause gel binding. As regards
carubin, guaran and tragacanth, only about 20% of the substance in
borate buffer goes into solution. ‘
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4.3 EXECUTION OF MICRO-ELECTROPHORESIS - '
4.3.1 FILLING THE MICRO-ELECTROPHORESIS CELL WITH BUFFER
. SOLUTION ‘ ‘

The micro-electrophoresis cell consists of the buffer contai-~
ners, of the elctrode chambers, of a support frame for tensioning
and a membrane, of a cell-cover and a cell upper part with slits
and grooves for the micro~depositing stamp when depositing samples.
Upon removing the cell cover, the cell upper part and the
support frame, +the siphon located between the electrode chambers
will be made horizontal by means of one finger and the cell will
be filled through the siphon opening to a height between the
lines FLUID LEVEL with buffer solution. When testing gels and
thickening means of the polysaccharide group, borate buffer with a
PH of 10 and ion size of 0.065 microns is used, and for the gelatin
test, a buffer of sodium carbonate / sodium hydrogen carbonate
with a pH of 10 and ion size of 0,075 microns. The buffer solutions
described in section 4.2 to that end will be first diluted with
distilled water in equal parts volume. Following filling of the
micro-electrophoresis cell, buffer drops on the cell wall above
the buffer level are carefully removed by means of filter paper

in order to avoid secondary contacts of electrical current beyond'
the membrane,

4.3.2 EMPLACING THE MEMBRANE * :

The membrane first is slightly wetted with the non-diluted
buffer being used (see section 4.2). In order to wet evenly,
the membrane is placed flat on the surface of the buffer solution.
After wetting, the foil is dipped into the buffer solution by means
of tweezers. White air inclusion spots are thus avoided. The wet
membrane then is removed and easily compressed between two sheets
of thick filter paper.

Next the evenly wetted membrane is so tensioned in the
supporting frame that all the pegs of the latter fit into the
membrane's holes, and therefore the membrane will be held equally
tautly everywhere, The supporting frame with tensioned membrane
will be so inserted in the micro-electrophoresis cell that the
reference hole of the foil will precisely coincide with the numeral
1 of the numbers marked on the cell uvper part. This aids remembe-
ring the sequence of the deposited samples,

4,3.3 SAMPLE DEPOSITION - .

. After emplacing the cell upper part, deposition of
samples may begin. By means of a glass rod, a drop of the solution
to be tested is put on a glass plate that is kept neat. The
micro-sample depositing stamp by means of its platinum laminae
touches the sample drop and the liquid film so created is deposited
on the membraone, the platinum laminae remaining about two seconds
in touch with the membrane. Prior to the next sample deposition,
the platinum laminae of the micro stamp will be rinsed with
distilled water and dried by means of careful dabbing with filter
neper. Once all eight samvles have been deposited, the cell cover
is put into position and electrophoresis migration may begin.

13



" 4.3.4 ELECTROPHORESIS MIGRATION

The micro-electrophoresis cell is so connected to the

. power supply that the location of sample deposition is on the side

of the cathode. Sample migration is toward the anode. Terminal
potential is set to 200 volts. For the buffer concentration used,

the current density does not exceed 1 ma/em of foil width (= 5.5 ma),

which is a good value for the migration and separation of the

samples that were tested. Upon termination of the desired test
duration, which may range from 15 to 30 minutes, the current is
shut off, the electrophoresis cell is opened, +the membrane is

removed and then dyed. Dyeing takes place as described in section 4.4,

4.4 DYEING OF GELS AND THICKENING MEANS

The four different dyeing methods will be discussed in
the sections below. ' '

4.4.,1 AMIDO BLACK 10 B DYEING

This method is used for rendering visible gelatin besides
other egg white bodies. In order to fix the egs whites, the
membranes will be immersed for 2-3 minutes in 5% trichloracetic
acid solution. Then dyeing takes place for 10 minutes in the
saturated amido black 10 B solution. Bleaching of that part of
the membrane not carrying egg white takes place when the foil
is immersed in a mixture of methanol and glacial acetic acid,
The solution will be decanted after 2-3 minutes and replaced by
a fresh one. Followirg threefold washing, white foils are obtained,
on which gelatin spots and possibly others appear dyed deep-blue.
The foil is rendered transparent in accordance with section 4.5.

" 4.4.,2 PAS DYEING

This method is used to render visible carubin, guaran,
soluble starch, dextrin, alginate, tragacanth and gum arabic.
The membrane is inserted for 5 minutes in a periodic acid solution.
This results in oxidation and also simultaneously in fixing by
means of the alcohol of the periodic acid solution. Thereafter the
menbrane is immersed for 10 minutes in Schiff's reagent so that
the individual spots of the tested gels and thickening means appear
dyed lilac-~reddish. In order to remove the excess Schiff reagent,
the membrane is placed for one minute in a mixture of formaldehyde
and ammonium, so that solution and membrane become intensely red
because of the released fuchsin. In order to bleach that part of
the foil free of gels and thickening means, +the foil will be
rinsed first with denatured alcohol and then several times with
the mixture of alcohol and hydrochloric acid. The colortone of
gels' and thickening means' spots changes from lilac-red to red-
violet. The foil is rendered transparent in accordance with
section 4,5

14



4.4.3 PRE-TREATMENT WITH TANNIN AND PAS-DYEING

This method is mostly used for rendering visible methyl
celllulose and agar-agar. Other gels and thickening means that
may 21lso be dyed in this manner are gelatin, carubin, tragacanth
and gum arzbic. The membrane is placed for 7-8 minutes in the
105 tannin solution and then for 5 minutes in the periodic acid
solution. Upon periodic acid treatment, foil and solution turn
brovm. The brown solution is decanted and replaced by new periodic
acid. Dyeing proceeds as described in section 4.4.2 ‘

4.4.4 TOLUIDINE BLUE O DYEING

This method is mostly used for rendering visible carra-
geen, carboxymethylcellulose and sodium pectate. Other gels and
thickening means that may be dyed with toluidine blue 0 are
alginate, tragacanth and gum arabic. The membrane is placed for
10 minutes in the dye solution. Then the major part of the excess
dye is removed hy compressing the dyed foil between two sheets of
filter vpaper. MFollowing rinsing with ordinary tap water, the
membrane is air dried. '

4.5 RENDERING FOILS TRANSPARENT FOR PHOTOMETRIC EVALUATION

. Pollowing dyeing, the membrane is immersed for 2-3 minutes
in methanol. Then it is placed on a glass plate or disc and
subjected for 30 seconds to a fresh mixture of 3 parts volume
methanol and 1 part volume glacial acetic acid. Glass plate and

‘membrane are removed  from the methanol / glac¢ial acetic acid bath.

Upon removing the excess ljquid with a rubber sponge or filter
paper,they are dried at 110°C for five minutes in an oven. The
now transparent pherograms may be kept on the glass plates.

They may be carefully removed from the glass plates for the
purpose of photometric evaluation and they may be placed in
glassines or the likes. The foils treated with toluidine blue 0
are not subjected to the methanol / glacial acetic acid bath
because the spots of the tested gels and thickening means would
dissolve, except for carrageen.

Gratitude is expressed to Herr Wenger, chemist from Bern, for
verification of this work.

.

15



* Only a part hardly visible in this reproduction of the devosited
agar-agar migrates on the cellulose acetate foil because of electro-
phoresis, The component initially remaining is more visible. If
dissolved in O,l-n hydrochloric acid znd subsequently neutralized,
agar-agar lends itself to easier deposition and will be rendered
more easily visible than when in a buffer solution. It was also
further shown that for pre-treating agar-agar with tannin, a 0.1%
alcohol tannin solution is better suited than the reviously used

10% aqueous tannin solution. :

*¥%¥ Carubin and guaran dissolve only to 16-19% in borate buffer.
The insoluble part was subjected to centrifugation. Depending on
quality, dye affinity of carubin will be more or less pronounced.
It is strongest for carboxymethyl-carubing it is very slight
for carubin-fleur. Affinity as a function of quality and origin
is being tested for further commercial products.

% Representative: Kontron AG, Zurich

*XXR A.O.l% alcohol solution gave better results in’more recent
tests. . 4
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~HYPOCHOLESTERCLEMIC ACTI 1Y OF MUCILRGIND IS FOLYSACCHARIDES fiv .
WHITE LEGHORN COCMESELS. 8.4, 2iceardi® 3-2 M., Tehrenbach®,
Biochem, Rus. Dept,., reds Lens., Peary River, N. Y., and
W. C. Grant, Dept. of Physial,, Sch, of Mad., uUniv, 2f iemi,
Cora) Gaoies, Fle,

various mucilag: wous priysac.harides w~ars found to inkibit
the cevelopment of hypercno’rster> amia in urxara's when
incorporsted at teviis up te 3X int> o basal dint (20X casqin-
8% gelatin=61,3% s..rose) sunplamiated with 15 chotastarsi,
Twn sgents, guar gum ard cerracesqan, Iffecte! e yroximately o
50% reduction in plasma cholsstaral i3.3is. Of !lass scrivity
wore locust bean qum, tracacenth yun, pectin and keraye jJum.
Muci 18ginous substances with Icw or.ar of actizity ssrs salep
root, whotle psyllium seec husks, stiraz c.m and ghatti quem,
Potysaccharides such as ='gi~.: 8c’d, gum scecis and various
dexirsn preparations weri inractive &t 2% of thy diet., Appar-
antiy hypocholestarolem : activiiv is n:* solafy relnted to
the mucilaginous oropar -y of the pulvsaccharides. Guar gum
showsd some hypacho'ast roiemi. activiiy when inlorporatad af
» ol of 2% into a nature! d' st supoiemantad with 2% Choi-
estacol, although contrs) pissme chnlastars! leveis ware not
a8 high as those obtainad with the semi-synthetic diet. No
gross toxicity as measursd by cha“yas ir survival, dody
welght or total foud cons.mprtion, was odsarves with eny of
the muci taginous potysacchorides.
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Growth Inhibitorvy Efiect of Certain Polysaccharides

* v

for Chickens '

Prax Vormy axp F. H. KraTzer -
Deperimen? of Pouliry KEuslandry, University ef Califvrnia, Devis

- ~ (Received for publication March 17, 1544)

T IS well-known that the growth of

: chickens is inkibited if their diet con-
tains either linseed mea! (Krztzer and
Williams, 1948; MacGregor znd McGin-
nis, 1948), or ground carobs (Kratzer and
Williams, 1931; Boristein ¢f o, 1963), or
guar meal (Dorcher and Ackerson, 1930;
Vonra and Krawzer, 1904). In each case,

the feces of the chickens were extremey
sticky and tendad to paste up tha V¢
Linseed meal loses its growth-inhitiinsy
properties if it is given a pret

treatment: or if the pyridexine ¢onies
the diet is increased (Krawzsr and Voo
liams, 1948; MacGregor and Mefi
1948). Similar treatment of ground. €27

Poultry Seience H3(5): 64~ 1170, 1964,



imprevement (Eo ;
_of chiclis. Cur unnublizic
se that puor meal is moroved
1:}' {reatment wiir weter or by the
- of p’n’mcz:z:e.

studies

-

Mant sources of polvsaccierices which
3 gums and mucilages. An
shuiovs q"ﬂ=‘m iz consigering thesze ma-
serialzs iz ‘whether this grow th depressing
¢ect I3 due to the Ligh levels of poly—
secknr’des which they contaln.
% pa... of the growth innibitory proper-
= ¢f linzecd mez! has been atiributed to
i muciiage content (Mani of el., 1849:
Ciagatt et al., 1934) even though the latter
woraers dﬂ::bted t in ancther report
Seklesmh ef el ) A Cepresslen in
*t2 wrowta of rats has been ¢hicrved when
& diets coniained more then 30¢ agar
2z2r or Irish moss (Nilzon and \cl‘ ller,
841). The digestibility of r_:a agar, pec-

E?f‘c and 767¢ e<;)ecti\'e1_\ an(‘. no sig-
~ucant depression in the grewth of rats

23 observed when the dieis contained
Bese polysaccharides at levels of 1565,
€% and 6%, respectively (Booth et al.,

V
i%5 ') Ershofi and Wells (1952) found no

3y
simificant depression in the growth of
s which were fed 106% pectin. guar gum,
“€ust bean gum or carragesran. Carra-

D—

in appears to interiere with the diges-
‘n of proteins by pepsin under certain
trdinens (\ ‘avghan et ¢l.. 1962). The
fr2semt work which was reporied in ab-
form (Kratzer and Vokra, 1963) is
= stedy of the effects of feedine poly-
Sinarides on the growth of chickens.

EXPERIMENTAL

weonargd saninles of the

.
T this
jees sn=nl .

gorst for ¢rtah} eem

. hoioge
L‘r.-“d mezl, carob and guar szeds are

Io.tininoss 1165

guim wredic)t guna ¢
gum karaye, peciin, curfase e’
x..uh~AccA.L~c,--, sodium salt of carboxy-

mechyiceiitlose, aoor aoer, dextrin, dextran
aind polvgzizeturonic acid.?

Tiried ckra powder was prusared by
zlug fresh okra in 2 bicnder and
an exces: of methann] was added to the
homicgenate, The mixture was stirred and
fiitered on a Dilichner funnei vnder vacuum.

" The soiid residue vas dried in 2 current of

zir 2t Toom tem:perature, and ground.

To obiaia mucilage, linseed cil meal was
socked in an excess of water overnight,
stirred and filiered through muslin, The
veiume was redeced by leaving the muci-
inge in shallow pans in a draft of air. The
polysaccharide was precipitated from the
mucilage solution by the addition of

1ethonol. It wes filtered and dried in 2
current of alr ot room temperature.

Caramel was pregpared by the heating of
sugar crysiels (sucrose) in an iron crucible
ovzr 2 burner. : : '

Psylium hesk and dried kelp were ob-
tained from commercial sources.

The pbivsaccharide: were added to the
steck diet (Table 1) at the required level
without making any adjustment in.its com-
position (Tzble 1) at the required level
without making any adjustment in its com-
pesition. Dav-old, Arbor-Acres breiler type
chicks were weighed and distributed into
groups of approximately equal average
veight. They were housed in electrically
beated batteries in which water and feed

were availuble ¢d libitum. The chicks were
weighed twice every week as groups and
individually at the termination of the ex-
periment.

' Samples throush courtesy of Stein, Iall and
Co.. Irc.

Throu~h courtssy of N, M, AL Josivn. .

38 Na-tan, Brown Co. Pezling New Hamp-
etire,




. bran to make 1

1166 P. Voiuxka axp F. 11 Kaatzew

Tarrs L—Lam2osilion ¢ e stvek &ler and Rrutzor, 195645, The niucilyee S
dovir in thiz procezs and o Duid wa; -

Jigm

Inclusion, . .
gm. k. tained swhich was reduced to abeys 121

A R TR

"~ Ingredient

—" —— - — volume in shalic™ pans in 2 current ¢
Ground milo _ 173 aenbren T S e
Greund corn : . 157 at room temperature. This concentrzy

. grouna ‘thy - . . ggg . scolution was mixed with 5850 gm. ¢} sty
. ran, waeit . - st o . : . '
© Savbean meal, 446 protein 120 dict and the diet was fed as such withey

Fish meal ’ 75" any further drying. ' :

" Meat and bone mezl. 5977 protein 12 > . o . .
“*Whey, dried o ) 25.. Pectin (240 gm.) was stirred in 2 e
}\Illflli._ sf\'m‘-t;!ed, dried, 337¢ protein 38 of water to give a thick, viscous mu:
Alfalfa mea . . e
Limestore, ground : : 15 which was reacted with 4.8 gm. of g

L - Lo g . P e] -

Salt*— - 3 -nase in 100 ml. water at 37°C. for &

Vitaminst -1 X . .

. 12 hours. The viscous mass was st

¢ ;Coril‘..:‘.‘ins 0.025 gm. mangazese sulinte (V07 frequently and yieided a fluid scic
eed grads). . L. . whi < R A
"1 Supplies: ribofiavin, 1.1 mg.; niacin, 1. .- which was concentrated to about §03 .
Ca-pantothenate, 1.1 mz.: : in shallow pans in a draft of air and miz:!

wiih 5760 gm. stock diet te feed the ¢l

t was not dried further,
The relative growtn value comperes &
20 gm. guar gum in 1500 final average weizht of the chickens fod
i experimental diet with the average weizll

z.; and i

I.C.U./gm)), 23

“Aslurry o

ml. of water was reacted overn!

of chickens fed the stock {control) diet is
the same experiment. For the comparizoz,
the relative weight of the greup fed th:

* Through courtesy of Miles Chemical Co. control diet is acjusted to 1CC.

zyvme from the sprouted guar beans (Vohra

TacLe 2.—Relelize growth (RGY cud g, feed fgm. gain (F/G) of
chickens fed warivus pelysecenarides i ticir Ciels

- Experiment Series . 1 2 3 4 S

Duration of trial, days 20 21 20 21 20
Polysaccharide ard its level R.G. RG RG RG RG FG

Contzol . © 100 100 100 100 100 1.3
Cellulose, 275 : 101 92 B :

Guar gum, 2', L 67.4 64 61 . g 30
Guar gum, 1'. . 84.4 80 72.2 79.1 is
Guar qum, 0.3 . 78.6 92 1.
Guar gum, 0.25', §9.1 08.4 1...
ocust gury, 27, 73 73.6 :
Locust gum, 1", - 96.8
Locust gum, 0.3¢ ] 87.8:
,Ic.ocust gum, 0.23° ; - 0h.S
um traeacanth, 24, . EE\ S [
Gum aravic, 2' 6.3 5.6 .
Dextran. 27 94.8
Dextrin 2" 103 -
Pectin, 4 88.6 7.5 $9.5
in, 2, 92.4 86.5 .
T 995 -
A . 9.5
Actual gait of cortrol, pm, 256 330 332 p ) 7.
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'l \::L!»: 3.=-Relaiive sroett-(R. C‘\ a"(’ mg. poneress/ 00 g l"" wreeizht (PIGIY, g Jred /2.
zein (r '(r,, of ehictens fed toricus poiyiacckarises in tncir diets

;_-_-:::mc'xt Series

6" 7 A

'D:r.’.tian of trial, days

20 1) , !

———

Jolysaccharide, and its level

"R.G.- - P/BW. R.G. T/BW. F/G

(ontiol N . ;0 100 373 100 . 342 1.54
itelulese, 29¢ € : 96.8 . :
a, éried, 2 -~ 87.6 40 81.8 162 1.84
: ,.,‘cu.n, 2 ¢ I 532 75.4 333 1.91
ead 'ruc.l"m 2% 95.1. 370 97.4 — 1.84
Tium husk, 2 '} 7.4 433 81.8 436 1.92
ce!lulosc 2¢; 103 )
(;rwtm:em' teellulose, (N2}, 27¢ 96.5 360 95.3 -— 1.88 -
Caramél, 20 : - 100 :
Aztual gain, gm. 339 320
(mtrol . 100 474 1.78
Re'p, 25 ) ) 114 506 1.59
Agar agar, 2% ' . ) 110 415 - 1.72
GJ'H::::;H 7“‘, 72 432 1.67
Gem "ha't' 2c; - 104.5 427 1.81
Actea] gain, gm. 280
Centrol 100 410 1.78
Gum ghatei, 2€7 95 . 1.81
fiom keraya, 27 70 500 1.92
Azaragarn, 27¢ 102 1.87
Actual gain, gm. 315 .

-——

RESULTS AND DISCUSSION )
Tke relative growth of the chickens fed
¢ Giet diluted with 277 of cellulose was
"t 1C1¢¢ of the controls (Table 2 and
?). When the diets contain 2$¢ guar gum,

e relative growth of the chickens was

"t n 67.47% of the controls. The depres-
£ in growth was probably not due to
i2e dilutipn of the energy content of the
“at by the addition of 2¢; gum because
e 2ddition of 2¢¢ ceilulese which also
Tiuted tke en rergy of the diet to the same
"-“f!t czused little or ro growth depres-
" The additicn of the iciicwing pely-
-CC‘.:'..'lf't: at a level of 27¢ to the chicken
"d a definite depression in growth
ns: locust gum, gum tragacanth,
raya, dried okra, carregeenin, and
h usk {Tables 2 and 3). Pectin ex-
a marked depressian in chick
Qatelevd el e atalevelof 2

?
. -
- YWiG O Caivians va s cunlaining

pectin, gum arabic, dextran, dextrin, gum
ghatti. linzeed mucilage, methylcellulose,
carboxymethylcellulose, caramel, agar agar
or kelp was cf the same order as for control
diets or those containing 2o cellulose.

As low as 1¢¢ guar gum in chicken diets
caused a definite growth depression (Table
2}. As the level of guar gum was decreased
to 0.5 or 0.25¢¢, the growth inhibition was
also proportionately reduced. However, in
case of locust gum, a definite growth in-
hibition of chicks occurred only at a 2%p
level.

Relction to composition, The variation
in growth depressing efiect of various poly-
saccharides prompted consideration of a
pussible cemmon constituent responsible
for this efiect. Most of the data on the
chemicai constitution of these polysaccha-
rides have been token from the reviews of

Smith and Mentzomery (1959).
Gear gum end locust gum are neutral
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_po!:,"ssuharz:!ﬁ et “
-14-23¢; D-galactose; and 64-67C¢ and 75- .
~86%¢- D-mannose, respectively. Guor: gum

was far morc growth Inhibitery than locust -
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raining 33-36%, and

‘gum at a leve! of 1¢¢ of the dist. D-gelac-

“turcnic 2cid content of cum karaya and

okrz mucliage is 43¢ and 6-$%¢. It is also

resent ‘in gum traﬂacanth linseed muci-
. pres g g ’
Jage, psyllivm busk and pectin

but the
exact amounts zre net’ krown., D-glucu-
ronic' acid is present to an extent of 165
in gum arabic; and 1255 in gum ghatti,
D-galactose content of the gums is as fol-
lows: arabic, 525¢% ghatti, 27¢; karzva,
14¢%; okra mucilage, 79-8$G¢. Linzeed
mucilage conteins L-gaiactose, D-zalactose

is also present in gum tragacanth, agar
agar and carrageenin. About 8¢ D-man-
nose is present in gum ghatid. Gum traga-
canth and psyilivm contain L-zrabinose
which is estimated to-be 1$7¢ in gum
arabic, 41%¢ in gum ghatti, 3-14%¢ in okra
mucilage and 127¢ in hnseed mucﬂme.
L-rhamnose is present in gum arabic c...u
its content in gum karava and linsee

mucilage is 15¢ and 29¢¢, re:pecn\e‘_

Tuau: 4. —Lfect of enzymes on t:e relalive groutl;
and gm. jeed; g zain (F1Gi o;

aue to the mucilage character of tfe

ITowever, no prediction is as ya!

ahout t!'e grovrih y inkibitory

polysaccharides irom their cncx...cm cor
stitution. S~
The growih 11‘:;mnon is probabiv ney
L"'l} .
saccharides in general beczuse not ajj of
them have exhibited growth - mn.m.ov
properties for chickens in this study. i}
those polysa;m...r;des which do eshin;
growwth depression are allowed to Le re.
acted with suitable enzymes, the reactior
products cause no depression in the arowth
of chickens (Table 4). Guar gum (2¢%:
when fed along with an erzyme capabie of
kydrolyzing it, at a level of 0.15¢, cver-
came the growth inhibition of chickens 1o
some extent. However, the growth of chick-
ens fed guar gum which has been hydio-
Iyzed with the enzyme was of the seme
order as oa contro} diets. The enzyme war
either isolated from the sprovted guar
beans or a commercial preparation, Celic-
laze-100, capable of splitting polviaccha-
rides. Growth irhibition due to 45z pectiz
was completely overcome if 1t was first re-

“ \

(RGY, my parzcre.z.)/wf) gm. bedy weigit (P/BAVY.
it c:fnsjed varioits pelyicecicridis

=

Experiment Scries

a

8 9

- e

Treatment and level -"R.G. P/BW. F,G R.G. pP/BW. FG
Control 100 474 1.5 100 110 1. .E
Guar gum, 2 6.4 S10 138 616 60 1.7
Guar gm. 2 220,15 ¢ zuar enzyme 70 S08. 2.17 76.3 47 2.2
Conth-D 1‘ ¢ guar enzyme 117 376 1.63 102 — l"“‘
Guar gum (2€,) reacted with guar enzyme 102,53  3%6 1.60 95 378 - ‘0-“
. Control-r() 1’ Cellulaze-100 100 . 2 :
Guar gum (-1-(,;1"1"-c 100, 0.1¢, 86 356 .02
Actual gain, gni. {Ezperimental pmou) 250 (20 days) 315 (20 days) .
Control 100 100
Pectin, 4€;, 61.5 9.2 1
Pectin, 4¢¢-+0.08¢ ; pectinase $ 83 %\,’,
Pectin, (4 ) reacted with pectinase 100 ) 102 'lb"" o
Cuntrul+0 08*,: pectinase 8.8 fees :
Actual g"m g.n perinteatal periud) 2‘)4 (21 days) 297 (20 d-l\ 9 T
Centrol 100 :
Pectin, 4! . - 3.5
Poivimiucturonic ovllt, V) .8

Actual ealn, grao Urperimentad peciod)

327 (20 days)




CGrowrn Ininwiions

iLopectn wos ocs

jon. This I bornc out by &

b
Fz?;:gaiacturonic acid when fud a
of 45 mave a relative growih of about
537c of the contrels and the miethorny de-
Jvziive of thiz (pectin) had a value of
koot 34%¢. T

No information, as vel, iz availrble
tout the exact sequence in which the vari-
vu3 sugars are linked in the various poiy-

charidas Tout 1t anmonrs that ns hn fra
ALTLSTAARS. LLUL 1L anngnr 1ot o2 otan tres

cency of branching increazes in the ninles

v H - Tt T e e menarsens ~lzn
e e ¢ L) INNLIERIYT Toasaries gl
inorease. Guor gum hes D-gelactoze on

alternate D-mannese molecuie in
st to carob gum which hos D-gniac-
w2 oon every Ird or 4th mannoss niole-
tle of the straight chain part of the poly-
saccharide. Guar gum is more growth in-

Sitory than locust (carob) gum. Gum

.

Caeale beg f

w.C Los fewer branches and more of the
wmporent sugars are arranged as a
-right chain. Tt has little growth inhibi-
oy properties for chicks. In contrast to
s, mum tragacanth kas many more sugars
Lranching from the straight ckain of the
rlyseccharide and has definite growth in-
kilitery preperties.

Tie ratio of foed intake/zzin for con-
"7l and the diet containin
*s* ol the same order (T:
f.if‘.rfed to be higher-for okra, carr

“reed preciloge, paliium husk and car-
-‘f-t}'::‘.cthyce';i':lcsc (Tablz 3) t
s¢ substancas were growih imhibiiory.

I cezora), the poncrens welsht per 160

bk welrht (Table 4
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2: to oues observed by O'Dell et al.
(1939). The inciience of ihis grozss ab-
norn:ality was onty in chickens fed growth!

inkilitory polysaccharides but was néver
2s serjous as for psyilium husk. r

e SUMMARY

Several naturally occurring polysaccha-
rides depressed the growth of chickens
when fed in a nutritionaliy balanced diet
containing soybean meal, cereals, and fish
meal. The growth of chickens was inhibited
about 2396 to 307¢ by the inclusion of
guar sum, locust gum, gum tragacanth,
gum karayva. or carrageenin at levels of
2€¢; or +% of pectin in their diets. Dried -
okra or psyliium husk caused a depreszion
in growth of about 15¢¢ at a level of 2¢¢
inclusion, and cellulose, methylcellulose,
carboxvmethyiceiltloze, dextrin, - dextran,
linsced muciiage, caramel, gum ghatti, agar
azar and ke'p appeared to be without any
deleterious properties. The growth depress-
ing properties of pactin and guar gum were
overcome by their treatment with enzymes
capable of hydrolyzing them, namely, pec-
tizase and ccllulase or 2 preparation from
the sprouted guar beans, - =
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Isolation of New F ractions From Tr ‘agacanth

By M. R. ZAWAHRY Ph.D., A, A."FATTAIL MA and M. A. B\HV ASAWY, M.D.
Faculty of Medicine, Abbassia, Ain-Shams Umvcrsnty. Canro, UAR

IN’IRODUCTION
Tragacanth is one of the oldest drugs.

It was known in the days Theophrastus

who ‘described it thrée centuries before the
Chrx-ftnn era.
since 1820,

Tragacanth is the dried gummy exuda-
tion obtained -ny incision from Astragalus
rmummifer L. and  some other species cf
astragalus. It occurs  in flattened  flakes.
irregularly obiong, more or less curved,
mnarked on the surface by concentrie ridges,.
fre=vently about 0.5 em  long and 12 em
wide, white or nale yellowish wh:te some-
what transluc.n:, odourless and almost
tasteless. It ir sparingly soluble in water
but swells intn a homogenous adhesive
gelatinous mass. | .

Tragacanth s a national popular non
toxic ‘chemical commonly used in confec-
tions,” known as *“Mofatakka” for purpeses
of adding weight. Lay people take traga-

canth in its Jel form when suffering from -

urticaria and dther dermatosés associated
with itching ard they believe it .as “blocd
purifier.”

The common.known pharmaceutical pre-
narations are:
{(a) Compound tragacanth powder

(b) Tragacanth mucilage..

CONSTITUENTS: o
The chemistry of tragacanth. néeds furs

ther study. Ac:crding to O'Sullivan (1991).

the soluble part-which .is the greater por-
tion, is made, wp chicfly of polyarabinan-
trigalactan-geddic acid; this yields ‘¢cn

hydrolysis, arabinose, galactose. and ged?ic -

acid. The insoluble part is mostly bassorin,
(C11H24040) h; Dbassorin acted on - by ba-

rium hydroxid¢.solution forms {wo isomeis,

It. has been an official drug .

alpha-and' ben hagacanth -xylan-bassorie
acid, ‘which on hydrolysis yield trag'lcan-
thme, xylose and bassoric acid. :

Norman (1931): disagreed with OSulhvan )
concerning (he nature of the soluble part of
tragacanth. Nerman scpamted the soluble .
constituent by filtering it in dilute solutioks
and then concéutrating it under reduced
pressure and “nrecipitating it with alcohol
acidulated -with hydrochloric acid. Several
veprezipitations’ were made which  resulted
in a fine  wkite = powder very soluble in
water.  This was calléd tragacanthin; I
‘was fourd tp he composed of uronie acid
and arabinose. This gave rise to the sg-,
Zestion that g Fortion of  the arabinose is -
united to- urgn‘ acid to form a resistant.
nucleus, the” residue attached by a gly tObldl" .
lmka,,e He found that tragacanthin con- |
sists _of 94 ‘per-cent of a combination of
uronic acid and arabinose in about equal
amounts. = . - Co

“Rowson (1937)- has bug,x,catcd that bas-
ccrin.is analogous to pectin in comoomnon.
containing comilex methoxylated acids. De-
mcthoxylation ¢f bassorin results in the for-’
rmtion of lra«;ac..mhin which lacks the
e recom=
_mcndul that a ‘a.-ssc_)rm conmm of not less
tan €0 per cent, and a methoxyl content of
not less than 3.75 per cent, be required for
trigacanth.  There is present also sma'l
amounts of ccllulose;. starch  and protemn.’
substances, . ' S ’

The aim of this work is to show whether
Tragacanth has truely any antiallergic value,
and ¥t it is so, trials may be continued in
an attempt to .=olate the active principle,

MATERIALS & RESULTS

Crude Tragacanth was fincly powdered:
and put :n cachets, each containing 1 gm,

69 . ° .~



Twenty cases of various allergic dermato-
ses of both sexes and of various age groups
were sclected ior the purpose of trials of
crude tragacanth. At the same time, there
was another group of 10 cases of nllergic

Cermatoses, conirol group, receiving the same.

cachets but containing starch  in the same
weight.

The cachets were given as one cachet 3
times daily after meals, The total amount
given for cach case wvaried  from 20-60
cachets, 30-68 gms of crude tragacanth,

The cachets containing starch were given
to the conirol group in cxactly the same
manner.

The restilts of this preliminavy trial could
be summarised as follows:

{1) Marked improvement occured in 13
cares (Chronic ctzema 6, Atopic dermatitis
1, Recutrent urticaria 2, Prurigo 4). Itching
started to  decreuse  in most of the cases
within the first weck of the intake of the
preparation. They began to  slcep  more
comfortably at night and the degree of in-

. flammation and infiltration  subsided to a

good extent within a relatively short period.

(2)‘ Moderate ‘improvement occured in 3
cases (Chronie eczema 2, prurigo 1).

(3) No imprevement in 4 cases (Chronie
eczema 2, recurrent urticaria 1, atopie
dermatitis 1)

The control group of cases did not show
any improvenient in their  conditions  all
through the peviod of tridl,

These preliminary results encouraged the
fnvestigators to proceed further in an atiemt
to isolate the sctive principle,

1-ALCJUHOLIC EXTRACT

"2 Kgms of Tragacanth (Merk) were ex-

hausted with  alcohol (969%) on a water
bath using 3 litres flask connected to reflex
condenser for 48 hours.

The exhausiien and washings were com-
pleted tili no  appreciable colour or preci-
pitate was obtained from the alcoholic ex-
tract on the dish. '

The alcoholic extract was fillered ard
evaporated on infra red lamp at temp,
50-60°C and the final trace of alcohol was

removed by vacuum over at minus one

" atmosphere and temp. 50°C,

The. pereent’ of the alcoholie extract was
2.3%. .

.The extract was put in cachets each con-
taining 0.2 gm which is cquivalent to 6 gm
of the crude material, )
2-The residue left was dried on the infra
red lamp at g temp. of 353-60°C and the
fnal trace was recmoved by vacuum over
at minus one aimosphere and temp, of 50°C.

The residue wos also put in cachets each
containing one gram. The alcoholic extract
and the reésidue were tried in 15 cases of
various allergic dermatoses as shown in the
following pages. ’

REPORT OF CASES
Case No. (1):

—Y.S5. male aged 286.

—Chronic eczema of both lower limbs of -
6 months duration with attacks of exa-
cerbation snd remission.

—The patient was admitted to the hospital
and remained for 8 days under the usual
lines of treatment (antiseptics, for the
secondary infection, antibiotics, anti-
histaminics, vitamins; ete)) with ro
response. .

—Cachets of the alcoholic extract were
given as one cachet daily (for 17 days).

. —Some improvement began to occur one

. week after the intake of the extract but
the condition recurred when the cachets
were stoppad for 5§ days, Improvement
occurred apain when the cachets were
given agaiz, 2 cachets daily for further
17 days.

—The end result after a total intake of 51
cachets was moderate improvement,

Case No. (2):
—M. Gb. male aged 52 years.

—Chronic eciecma  of both hands of 10
years duration with attacks of exacerba-
tion and remission,

—-The present attack - is of two years
duration and it is the scverest altack
and of more cxlensive distribution.

0



—One cachet of the alcoholic extract was
given once daily for 15 days. 'The
itching whirXi was severe beeame much

less and this was noticed by the patisnt

8 days after commeneing the treatment.
Also the inflammatory process becar:e
less marked.

~—Exacerbation of the inflammatory re-
action and increase of uchmg rccurre‘i
When the cachets were stopped for one
week. The cachets were then re-
administered as 2 cachets daily for
further 17 days when itching and the
inflammotory reaction almost completety
subsided.

—The patient was followed up for fur- .

‘ther two months with no evidence of
recurrence.

—The end result after the intake of a
total 49 cachets is considered as good.

Case No. (3):

—M. O. R. ma’e aged 50 ycars.

— Subacutz e¢czema of both upper and
lower limbs of 6 ycars duration with
attacks of exacerbation and remission.

—The patient was admitted to the hospital
and remaiced for 15 days under the
ordinary liries of treatment. )

~—The alcoholic extract was given as one
cachet daity for 15 days but the condi-
tion got wotse. . The trcatment was
continued with two cachets daily for

further 15 days with no evidence nf
‘improvemaat. :
~The end result after the intake of a

total of 45 cachets taken as poor,

Case No. (4):

~M. M. fem:le aged 30 years.

—Chronic cczema of both hands of .12
years duraticn. )

—During the whole period she was never
frce for moie than a month. She tried
*most of the available lines of treatment
with no marked improvement,

—The alcoholic extract was given as
2 cachets daily for 18 days. The im-
provement was marked and definite the
itching almusi disappeared although she
was allowed to cat all sorts of food to
which she was sensitive.

—Then {reatment was  continued wnth
the residue as

2 cashcts_ daily for 10

7

days. Aftec which the condition dis-

appeared cnmpletely, . .
—The potjent was  followed wup for 3

months witn no evidenre of recurrence,
The eond 1esult after a total intake
of 36 cachets of the extract ‘and 26
cachets of the residue is considered as
very good. -

Case No. (5): -

—S. M. female aged 22.

—Subuacute eczema of both hands of two
weeks durution,  with a history of 2
previous simuiar attacks, -

—The, alcoholic extract was
2 cachets daily for 10 days.

—The improvement was marked and the
itching disabpeared completely although
the patient was allowed to cat all sor's
of food previously forbidden.

—The result after the total intake of
20 cachets of the alcoholic extract was
very good. Turther follow up for 10
weeks showed no cvidence of recur-
rence,

given as

Case No. (6):.

—T. T. female aged 24.
~—Laboratory assistast,

'—Chronic ecrema of both hands of 6 years

duration.
—The condition was DPresent  for two |
years before joining her job gs lab,

asxistant. T1lhe condition is persistent
for tte last 6 months although she
received mont of the available lines of
trecatment  including cortisone, both

systemically and topically and trans-
ferred temierarily to another job, .

—The alcoholin  extract was given as
2 cachets vaily for 10 days.

—Improvement started 2 days after the
intake of the drug, itching became less
and less and the Ixs.,urnu, found mar-
kedly decreased,

—The patient was then allowed to eat all
‘sorts of foud previously forbidden but
this led to :light exacerbation.

—It was then, changed ever to residue
and given as 2 cachets daily for 10 days.

—The improvement was striking,

—The result after the intake of 20 cachets
of the alcohclic extract was good and



Ser. Name Scx Age  Diagnosls Duration  Line of Tot. Result  Side.

No. treatinent - No, . - effect.
1.Y¥S" M 2 Ch Ezema 6 M AX Ext 51 Modcrate
2 MG, M 52 Ch Exema 10 Y - 49 .Good
3 MOR M 50 Sub. Eczema 6 Y w' W - .45 Poor
4 MM. F 30 ChPuema 12 Y A E . 36 Good
SR R.. 20° V. Good
5° JgM, F 22 Sub Eczema 2 W A E 20 Good tendericy
A ’ . o -, R. . . . to sleep
8 TT. F 24 Ch Ezema 6 Y A E 20 Moderate .
i';_;-} - R R. .20 Vegood ;|
7 AAS.” M 32. Ch Eczema 3 Y A E 20 Good . tendency
;8 -MMM. M 60 Sub Eczema 7 Y - Rt 30 Slight . o dlerp
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after the intake of the residue found
'still better,

—~Further follow wup for two months
showed no iecurrence, Slight exacer-
bation occurred when the patient was

- transferred Lack again to her original
job. .

Casg No. (7):

—A. A. S. Male aged 32 years (Student),

—Chronic eczema of both hands of 3 years
duration, .

—The paticnt used most of the availablz
lines of trecatment including corticoste-
roids both topically and systemically

.~ which led only to temporary relief.

~——The alcoholin extract was pgiven as
2 cachets dzily for 10 days. He noticed
definite improvement from the begin.
ing of the 3-d day, the itching got much
less and the inflamhnatory reaction sut-
“sided to a preat extent,

—The trcatment was continued with the
‘residue’ as 2 cachets daily for 10 days,
the improviment was more marked
and at the end of the period the lesion
almost clecared off. The patient fel:
sleepy with the last group of cachets.

—The result of the intake of a total of
20 cachets cf the alcoholic extract was
good and -vith the residue it was still
better.

~—Follow up for further 10 wecks showerd
no evidence of recurrence,

. Case No. (8):

—M. M. H. male aged 60 years.
~Nurse in u cpecial clinic of a dentist
—Subacute «cvzema of both hands of
7 years duration with attacks of exa-
cerbations and remissions. The maxi-
mum periods of remission he had for
3 months, :
—The residue was given as 2 cacheis
daily for 15 days, resulting in ameclio-
ration of itching from the beginning ol
3rd day, the ocdema gradually subsided
and oozing markedly diminished. .
—~—Improvement continued for 2 weeks
- after stoppisg the intake of the cachets,
_Then he had slight exacerbation, The
patient was * followed up for further
8 wecks, the improvement was slight

-

[+

with persistence of moderate degree of
itching,- .

—The result is

improvement.
“ase No. (9):

—M. A. R. n:ale aged 24 (Student).

—Chronic evzoma of 15 years duraticn
and widely distributed in the upper
and lower cxtremities,

—Itching was severe particularly at
night. He tried most of the availabs
lines of (reatment including corti-
costeroids t-oth systemically and locally
with temipurary relief.

—The residue was .given as 2 cachems
daily for 10 days with no improvemeat.

—The end result is taken as failure.

Case No. (10):

considered as slight

— A. A mule aged 43 years, <
—Chonic recurrent urticaria of 4 years
duration,

—The patient was never free from the
urticarial  wheals. The rash had no
relation to fcod. There was no gastro-
intestinal  {roubles and the stonl
analysis shiwved no parasites or otler
abnormal rirdings, He was advised 1o
do further investigations and to we
examined by the dentist and ENJ
specialist. . :

—The residve was given as 2 cachels

_ daily for 10 days.

—At the first visit the improvement was
temporary ard then the patient stopped

« to-uttend for further follow up.

Case No, (11):

—M. S, K. rasle aged 32 years.

~Labourer,

—Chronic ¢c7ema
years duratiun,

—Ile tried nust of the usual antialleyge
medicines ineluding corticosteroids both
topically an:d systemically for ceveral
times, with temporary improvement,

—The ‘residue was given as 2 cachels
daily for 15 days. Marked improve-
ment was noticed from the beginning
of the 3rd day. The patient felt sleeny
with the medicine,

—Further fsllow up showed slight ex-
accrbation 3 wecks after stopping the
intake of the drug.

of both hands of 2§

.
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Case No. (12):

—A. H. female aged 18 years.
—Neurodermatitis of 8 years duration.
She woas 2dmitted to hospital and re-
ccived the vsual antiallergic treatiment
for 2 wecxs resulting in  temporary
relief, ’
—The ‘residue’ was then given as 2
*  eachets dai'v for 12 days.
—Thé¢ imp ovement was slight at the
- beginning Lut later on it was marked
and the itehing disappeared completely,
lichenification  tecame  much  less
apparent tno. The patient was dis-
charged for turther follow up.

- Case No. (13):

—N. H. male aged 20 years.

—He is the binther of Case No. (12).

—Ncurodermatitis of 3 years duration.
He wus alsc admitted to the hospital
and was declt in the same way as the
former.

~—The ‘resid:e’
‘daily for 12 days. The itching began
to get less 4 days after the intake of

the cachets and later on the improve- .

ment became striking.

—Further fvlow up showed dcfinite
improvement in the symptoms and
signs and the patient was dxscharged io
attend later on.

Case No. (14):

—~A. I male azed 37 years.

-—Atopic dermatitis of 30 ycars duration.
admitted t» the hospital and kept' for
several days with ordinary measures
with slight improvement,

" —~The ‘residve’ was given as 2 cachets
daily for 12 days after which there was
moderate improvement of symptoms.

Case No. (15):

—S. S. female aged 37 years, :
~——Chronic re~trrent urticaria of 5 years
duration.

—At first it was found related to egas,
fish, chacolate and banana -eating and
the condition persisted for the last 3
years irrespective of food.

was given as 2 cacheis

—Cholecystectsmy 3 years ago she had,
alsor 'lppcnd veetomy one year afies
that but wiin no improvement,

—<he used mestoof the ordinary lines of
freatment  including  systemic  corti-
costeroids with only slight and tempo-
rary relief, .

—The ‘residue’ was given as 2 cachots
daily for 15 days.

—Relief of the ‘urticarial wheals felt
from the 3rd day. The condition
did not aisappear completely  but
improved to a good degree.

~—The patient is still under observation.

TOXICITY TESTS

1. I I2(50) of the alcoholic extract was
not reached till 90 times the thera-
peutic dose when injected intra-peri.
tonecally in mice,

2 150 times, the therapcutic dose was
given orully for 15 days cortinuously
with no d.ath of mice at all.

SUMMARY

() Trials wwere given {o confirm that
Tragacarth has an antiallergic thera-
pcutic value. The results were en-
couraging the further trials wera

© continued.

(2) An ‘alcohnlic. extract’” and the
‘Residue’ left were tried in 15 cases
of various allergic dermatoses. Re-
sults  were  moderate with the al-
coholie extract but good and in some
cases better with the residue.

"Y'L D(‘:’)O) of the alcohalie extract was
not  reached till 99 times ihe thera-
peutic duze when injecled intraperi-
teneallv in mice,

(4) 150 timos, the therapeutic dose was
given orally for 15 days coatinuously

) with no , death of mice at all.

(5) Further trials are going on in an
attempt to isolate the active fractivn
in the Residue.
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